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No. 4486 


LMOST simultaneously with the opening of the 
meeting of the British Association at Bristol, the 
September issue of The Twentieth Century appeared 
























containing contributions from some leading scientists 
addressed not to the specialist but to the average, 
educated non-scientist who is anxious to comprehend 
some of the problems presented by scientific advance 
not merely in nuclear physics but also in other fields. 
It includes contributions from Prof. R. E. Peierls on 
the frontier of physics, from Prof. A. R. J. P. 
Ubbelohde on our increasing dependence on supplies of 
energy, from Prof. P. B. Medawer on the biological im- 
perfections of man, from Sir F. Macfarlane Burnet on 
cell and tissue replacement in modern medicine, from 
Sir Frederic Bartlett on the contact of cultures and 
from Prof. M. Polanyi on words, conceptions and 
science; Mr. C. F. Hudson contributes a layman’s 
plea for independence in the pursuit of science, and 
provides an excellent statement of the reason free- 
dom for science is an interest of society as well as of 
the scientist. An appreciation of the implications of 
automation comes from Mr. Austen Albu, and the 
issue concludes with a discussion of science-fiction by 
Mr. P. Fison. The journal thus ranges over all the 
main fields covered in the discussions at Bristol, and 
the two articles in particular that discuss the formula- 
tion and communication of our ideas to one another 
and of our culture to other societies deal with a 
subject around which the main criticism of the 
British Association has centred in recent years. 

It is in the light of this fresh discussion as to what 
should be the main function of the British Association 
and how the task of interpreting science to the com- 
munity is best effected that this admirable effort of 
The Twentieth Century is appropriately considered. 
Clearly its success depends as much on the skilled 
exposition of its contributors as on the level of 
education and interest in the community. For that 
reason alone, consideration of the functions and 
organization of the British Association is closely 
related to the question of education—of the general 
education of the scientist himself and of the teaching 
of science in schools and universities generally—to 
which the Association devoted much attention at 
Bristol. The extent to which the purpose and function 
of the British Association require modification and 
the organization of its annual meeting can be improved 
cannot usefully be determined without regard not 
merely to the general climate of opinion and state of 
public understanding of science, but equally to the 
work and responsibilities of other bodies such as the 
universities, the learned societies and the professional 
institutions. The shortcomings of any or all of these 
bodies should not be visited solely on the British 
Association. 

The discussion as to what the British Association 
could do to increase the public understanding of 
science and how it should do so seems inclined to lose 
sight of this, and one welcome feature of Mr. Ritchie 
Calder’s presidential address to the Assembly of 
Corresponding Societies was that, in pressing for a 
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renewed attempt to overcome the fragmentation of 
science, he indicated that other bodies besides the 
British Association have responsibilities here. This 
special number of The Twentieth Century is likewise 
a reminder that the Press itself has certain respons- 
ibilities, and also suggests that those responsibilities 
are by no means as narrowly limited by the short- 
comings of scientists themselves as Mr. Calder sug- 
gested. Whatever criticism may be levelled against 
the exposition of particular contributions to this 
symposium, they do not support his charge that 
scientists by and large are illiterate, inarticulate and 
irresponsible. On the contrary, they demonstrate 
that, as he admitted, some scientists are at pains to 
be comprehensible, to be explanatory and to recognize 
their responsibilities. 

One dominant impression, indeed, left not only by 
the British Association meeting but equally by the 
conferences on the application of nuclear energy and 
by other recent events, is the extent to which scientists 
are recognizing these responsibilities. Further, what- 
ever criticism is made of particular proceedings at 
the Bristol meeting, a second impression left by that 
meeting is that scientists are no less concerned about 
this problem of fragmentation and communication, 
and are determined both to improve their own 
capacity to communicate their ideas and also the 
means by which the community is informed of what 
they are doing and how and why they are doing it, 
The situation is not entirely the fault of the scientists 
themselves, for all the truth that there is in much of 
Mr. Calder’s criticism: it is equally a failure of our 
educational system and our newspapers and broad- 
casting system—they have their own share of 
responsibility for the ignorance on the part of the 
average person of the nature of science and its 
limitations, as well as its potentialities for human 
welfare if used wisely. 

These factors must be borne in mind in considering 
what scientists themselves can do to repair the 
situation and how far any one institution like the 
British Association can itself correct the fragmenta- 
tion of science by organizing its annual meeting so 
as to provide an effective scientific stocktaking and 
encourage the re-definition of the frontiers of know- 
ledge in each specialized field, relating one to the 
others and providing scientist and layman alike with 
a clearer sense of perspective. Those possibilities 
would, of course, be improved by educational reform, 
both in the training of the scientist and in the training 
of the ordinary citizen, just as they would be assisted 
by more adequate press reporting, as well as possibly 
by symposia such as The Twentieth Century has 
published. 

Leaving educational reform on one side, disregarding 
the Press, save to observe that the newsprint situation 
is at least partly responsible for the poor reports that 
the British Association meetings receive to-day, com- 
pared with twenty years ago, and limiting our 
attention to action which scientists themselves might 
initiate to meet Mr. Calder’s criticisms, it is only fair 
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to point out that the Bristol meeting itself produced 
examples of a new outlook, and a readiness to con- 
sider what new methods and practices could be 
brought to assist the interpretation of science across 
disciplinary frontiers in an age of broadcasting and 
television. Scientific films, for example, are clearly 
coming into their own, and a new attitude towards 
the reading of papers indicates something much more 
fundamental than an attempt to raise the general 
standard of presentation and delivery. Besides the 
self-denial which will be demanded if the number of 
papers is to be brought down to a figure more in 
keeping with the supply of first-rate expositors, the 
president of the Physics Section, Prof. N. F. Mott, 
has indicated that the aim in his Section is to deal 
with subjects at about ‘Third Programme’ level. 
There were some notable examples of lucid description 
of advanced scientific work and of taking printed 
papers as read so that the whole of the allotted time 
could be given to a discussion. 

Such practices, it should be remembered, may 
involve a break with the tradition of learned societies 
generally and not specifically of scientists, and it 
must also be recognized that changes in technique of 
this order require a good deal of creative and con- 
structive thought and experiment before they can be 
adopted as standard practice by scholarly bodies. It 
is encouraging to find evidence that this is pro- 
ceeding—and probably a good deal faster than some 
external critics realize or allow. Apart from this, the 
steadily growing practice for the various sections of 


the British Association to arrange joint sessions at 
which topics of common interest are discussed not 
merely across disciplinary frontiers but also at a level 
well within the level of a determined layman, shows 
that the Association is already attempting to deal 


with this problem of fragmentation. It can no 
longer be said without some qualification that the 
Association’s programme consists entirely of un- 
related papers or unco-ordinated themes: some 
specialists at least are dealing with their subjects in 
terms comprehensible to specialists in other fields or 
to an educated layman. 

If we are to correct the fragmentation of science 
and solve this problem of exposition, the key-word 
is ‘education’. The scientist may have far to go to 
remove entirely the reproach of ineffective exposition, 
but the limits of exposition are ultimately set by the 
standard of education of his public. The problem will 
not be solved merely by removal of the scientist’s own 
inhibition about exposition or interpretation to a 
non-specialist, by improving his capacity to express 
himself clearly and concisely to those working out- 
side his own field or by ensuring that his general 
education makes him aware of the human and cul- 
tural elements in the world in which he is working. 
It depends equally, as Mr. J. F. Wolfenden and Dr. 
J. Bronowski insisted so emphatically at Bristol, on 
our making sure that the education of the ordinary 
citizen is such that he can understand what the 
scientist says to him. 

That point is fundamental in considering, for 
example, such object lessons as the Lunar Society 
cited by Mr. Calder. It was the absence of any gulf 
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in education and terminology between the scientis, 
and the layman, quite as much as the marke 
amateur element among the scientists of the time, 
that facilitated the exchange of ideas and free flow of 
discussion between the scientist, amateur or pro. 
fessional, and the industrialist and practical man of 
affairs in that body. The contribution to the d velop. 
ment of physical science and of industrial chernistry, 
for example, which flowed during the latter part of 
the eighteenth and the first half of the nineteenth 
centuries from the meetings of the Lunar Society, 
the Manchester or the Newcastle Literary anj 
Philosophical Society or the Whalley mecting 
started by Dr. Lyon Playfair, is only now becoming 
appreciated, and perhaps its full extent remains yet to 
be demonstrated. 

What Mr. Calder did well to remind the Assembly 
of Corresponding Societies, which is perhaps par. 
ticularly suited to deal with some aspects of adult 
education, was the danger of allowing the spirit of 
universal inquiry to be choked by the growth of 
barriers, not simply between the humanities and 
science but also between the sciences themselves, 
which hinder or prohibit discussion except within 
narrow fields. Semantics is indeed a large factor in 
the fragmentation of science, and scientists them. 
selves must take this question of language much 
more seriously if the fragmentation of science is to 
be checked and overcome ; without some common 
understanding, if it is too much to say that a scientist 
does not know what he is doing, it is certainly true 
that he is wasting his time. Clarity and accuracy in 
explaining and describing his results are as an essential 
and intrinsic a part of his work as precision in making 
and recording his experimental observations or 
rigorous reasoning in drawing his conclusions. 

Mr. Calder’s clear statement of the dangers of the 
present situation deserves to be pondered by layman 
and scientist alike. Much that he said had been said 
before on different occasions and in different ways 
by scientists to scientists; for the danger, for 
example, of an unhealthy and mistrustful popular 
attitude to science has been realized by many 
scientists in Great Britain as well as in the United 
States since the Oppenheimer case last year. So, 
too, the shortcomings of the educational system of 
Great Britain which he noted are generally recog: 
nized in current discussions of higher technological 
education, of university education, and of general or 
further education ; though not perhaps as yet with 
the sense of urgency necessary to make fundamental 
changes. Mr. Calder, for example, directed attention 
to suggestions made more than ten years ago in the 
report of the British Association Committee on Post- 
War University Education which have never been 
implemented. 

One at least of the joint discussions at Bristol did 
something to stimulate the re-examination of this 
and other proposals for facilitating the study of 
natural science on lines wider than those of any of 
the specialized science schools; and there is somé 
reason for hoping that in ways such as this the 
British Association may steadily grow more influential 
in stimulating the changes needed in the educational 
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system and practice of Britain. So, too, the closer 
planning of its annual meeting could contribute to 
the more effective interpretation to the general public 
and to the specialist in other fields of scientific 
advances, as well as to inter-disciplinary discussions. 
Such planning and reorganization of the Association’s 
programme demands, however, in the first place a 
clear conception of the functions and work of the 
Association in the world to-day. It demands no less 
clear ideas as to the part which the learned societies 
and professional institutions have to play in inter- 
disciplinary discussion, and in the education of the 
public as to the significance of particular scientific 
advances or the importance of the scientific and 
technical factors in matters of public concern. 
Equally it calls for the support and full co-operation 
of such bodies. 

Full account must be taken of all such potentialities 
in order that waste of effort may be avoided and the 
best use made of our limited resources, just as the 
fullest possible use should be made of all supple- 
mentary methods of educating the public mind, 
whether through the Press, the cinema, broadcasting 
and television or the public library service. We need 
to remember, in fact, as the Library Association was 
told at its recent annual conference, that the public 
library is the major instrument of adult education, 
and especially of the informal education which is an 
essential element in the production of a complete and 
well-rounded human being. It was a director of 
education who remarked in the Association’s annual 
lecture: “When I am most uncertain about the 
virtues which education is intended to promote, and 
about the methods by which we try to promote them, 
I find comfort in thinking that the money we spend 
on public libraries, with its result of putting books 
into the hands of millions of people who would other- 
wise not read them at all, is the only expenditure of 
which we can say with tolerable certainty, ‘This 
causes education to happen’ ”’. 

That these implications are being discussed is 
perhaps the most hopeful sign that the dichotomy 
and rivalry of science and the humanities, and the 
fragmentation of science itself may be ending. The 
scientist who has come to recognize his responsibility 
for seeing that, so far as possible, the ordinary 
educated man and woman understand the social 
and political implications of new scientific knowledge, 
has taken one step towards recognizing his respons- 
ibilities as a citizen. Nor is he likely to be backward 
in realizing the dangers to science itself if there is 
insufficient understanding of the nature of scientific 
work on the part of the nation as a whole, or of that 
small part of it which holds political power. 

It is not simply that, as Dr. Eric James remarked 
in his lecture to the Science Masters’ Association on 
“Science and Citizenship”, the intellectual resources 
of government will be gravely impoverished unless 
many of those now being trained in the sciences rise 
to positions in administration hitherto held by arts 
men: there is also grave danger that insufficient 
resources will be placed at the disposal of science and 
scientists. Moreover, if, as Dr. James suggests, we 
reach a stage in which the possible supplies of ability 
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are insufficient for the technical needs of Britain, 
there is real danger, not so much that too high a 
proportion of the national intelligence is directed into 
scientific channels—though this, too, is serious—as 
that at some stage the limitation of human capacity 
will force us to select objectives for study and pursuit, 
and we may choose wrongly. 

This is the real danger to intellectual freedom and 
scientific advance, and it will clearly be greater unless 
men of science are prepared to use their gifts and 
training in administration and government and not 
simply in research. We need more and more, in public 
debate, men of science, aware indeed of the limitations 
of their method and technique, but none the less alert 
and competent to detect nonsense when it is presented 
in public affairs no matter what support it receives 
from interested groups or political caucuses. 

Lastly, if scientists themselves are to undertake 
these responsibilities of public education and to 
repair the fragmentation of science and its division 
from man’s wider cultural heritage, we must remem- 
ber, as Dr. James pointed out, that a major respons- 
ibility rests on those who train them to see that the 
education they receive fits them to be citizens and 
statesmen. To produce such men, understanding the 
dangers and opportunities that are provided by the 
discoveries they themselves are making, is a task to 
be undertaken urgently and with determination. It 
means infusing into the education of such men and 
women the essence of the older studies, so that they 
are, as Dr. James said, “prepared and equipped to 
lead mankind to resist the temptations of purely 
material triumphs, and to use science not as a means 
of enslavement but as a force for the liberation and 
enrichment of mankind”’. 


BIOLOGY OF TSETSE FLIES 


The Natural History of Tsetse Flies 
An Account of the Biology of the Genus Glossina 
(Diptera). By Prof. Patrick A. Buxton. (London 
School of Hygiene and Tropical Medicine Memoir 
No. 10.) Pp. xx+816+47 plates. (London: H. K. 
Lewis and Co., Ltd., 1955.) 84s. net. 

OR more than fifty years, the various species of 

tsetse fly have been studied from many aspects 
by entomologists, medical men and veterinarians, 
and as a result an immense amount of information 
has been collected and published. This has produced 
a considerable literature of varying quality, which 
has not been reviewed in its entirety for a very long 
time. The bulk of the field-studies have been by 
British scientists working either on the eastern or 
western sides of Africa, and frequently under very 
different conditions. Arising from the researches of 
these two schools of tsetse ecology are two separate 
masses of literature with frequently only the most 
tenuous of links. At last, in the person of Prof. 
P. A. Buxton, a builder has appeared who has 
bridged the gap with a firm structure, containing no 
doubtful planks. 

Within the compass of this superbly produced 
volume the author has included the most important 
basic facts on the anatomy, systematics, distribution, 
metabolism, reproduction and ecology of tsetse and 
their relation to disease. It must not be thought 
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that this is one of those dull encyclopedic volumes— 
a lumber room of facts reserved for use by the 
specialist. On the contrary, it is an extremely 
interesting book about an extremely interesting 
genus of insects. 

Anyone who has studied the tsetse problem appre- 
ciates what fascinating fields are open to the research 
worker. He may legitimately study the insect in 
relation to climate, vegetation and game, or he may 
study the habits of man and cattle in relation to 
the fly; or if he prefers a more restricted field, he 
can investigate the ecology of the trypanosome within 
the tsetse fly. The results from these various lines 
of research are likely, when integrated, to aid in the 
discovery of improved methods of destroying the 
insect vector, of preventing contact between the 
vector and man and his animals, and of discovering 
the trypanosome’s requirements if it is to be carried 
by the tsetse to new mammalian hosts. 

The fascination of the subject has been well 
brought out by Prof. Buxton, who has avoided the 
dreariness produced by dealing with each species 
separately and has, instead, divided his subject into 
topics such as source of food, movement and rest, 
tsetse and trypanosomes; such an arrangement 
enables the reader to obtain an excellent picture of 
the habits of the tsetse fly and the problem it presents 
to man in tropical Africa. 

Since the War, there has been a very considerable 
expansion in the numbers of scientists engaged in 
research on tsetse flies and trypanosomiasis ; a new 
generation of such workers has come into being. The 
pre-war literature on the subject is scattered through 
many different journals, and is often inaccessible to 
those who are not working in one of the few central 
laboratories ; the unavoidable result has been that 
some old discoveries have been re-discovered and 
published anew. The appearance of this book is 
therefore most timely, for not only does it serve as a 
literary bridge across the two sides of the continent, 
but also as a bridge between the pre-war and post-war 
generations of workers. 

Prof. Buxton has not been content just to pick 
out the information from the summaries of all those 
papers that were appropriate to his topic ; in cases 
where the paper appealed to his selective instinct he 
has incorporated digests of the actual experiments, 
as well as the original diagrams, or versions of the 
original which have been re-drawn by his colleague, 
H. 8S. Leeson, who has also contributed many original 
maps, and text-figures. It is this treatment of the 
subject which has made the book so readable. 
Caution should be exercised when reading the distri- 
bution maps, remembering that these are on a very 
small scale. For example, from Fig. 29 one would 
get the impression that G. medicorum extended along 
the littoral and was a denizen of the tropical forest 
belt ; in reality its distribution lies along the northern 
side of this belt in the country which is transitional 
‘ between forest and savannah, and only approaches 
the coast in one or two dry areas. 

In addition to 165 text-figures, there is an excellent 
selection of photographs of a very high standard. 
Many of these illustrate the different types of vege- 
tation favoured by the different species of Glossina, 
and special features in tsetse ecology, such as the 
feeding grounds, breeding sites and resting haunts. 
There are also some good photographs illustrating 
the value of aerial survey for studying the vegetation 
types, and detecting the presence of the plant 
associations most favoured by the fly. Such plates 
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add enormously to the value of the book, as 2 mere 
list of botanical species can convey little to the 
reader who is unacquainted with them and the type 
of vegetation which they produce. 3 

The ten appendixes at the end of the book are of 
particular value to the research worker, as they 
provide detailed descriptions of techniques which 
should lead to a standardization of the methods used ; 
the subjects range from methods relating to meta. 
bolism, techniques employed in demonstrating try. 
panosomes in tsetse, to the conventions used jn 
mapping the species distribution. 

The author has taken the end of 1952 as his dead. 
line, and it can safely be said that he has omitted 
references to little of real value that has been done 
prior to that date; the book is therefore of great 
value to all who are working on the tsetse problem. 
It is also of special interest to those working on 
methods of field-survey and estimates of insect 
populations, as the tsetse may be considered as a 
classical organism in this respect, much original work 
having been done on this aspect by the late Dr. 
C. H. N. Jackson and others. Further, the book is of 
general biological interest since it brings out most 
clearly the intriguing relationships that exist between 
the tsetse, climate, vegetation and man, his animals, 
and the wild game; it also demonstrates how an 
improved understanding of these relationships has 
frequently revealed some key factor alterable by 
man which has enabled him to change the environ- 
ment and so control the insect. For example, it has 
been found that large areas of woodland can some. 
times be freed of tsetse by the removal of only certain 
essential types of vegetation; similarly, under 
certain conditions riverine tsetse can be eradicated 
by discriminative clearing of the vegetation, which 
in this case destroys an essential ecoclimate. 

Prof. Buxton is to be congratulated on the pro- 
duction of this magnificent volume, which will be 
the standard work on the subject for many years. 

T. A. M. Nas# 
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TREATISE ON ZOOLOGY 


Traité de Zoologie 

Anatomie, Systématique, Biologie. Publié sous la 
direction de M. Pierre-P. Grassé. Tome 12: Verté- 
brés: Embryologie—Grands Problémes d’Anatomie 
Comparée—Caractéristiques Biochimiques. Par P. 
Brien, R. Cordier, A. Daleq, Ch. Devillers, M. Florkin, 
P. Gérard, L. Lison, R. Matthey, J. Pasteels, J. 
Piveteau, A. Rochon-Duvigneaud et F. Stéphan. Pp. 
viii+1146. (Paris: Masson et Cie., 1954.) Broché 
9,800 frances; Cartonné 10,550 francs. 


HIS volume, Tome 12 of the whole work, is the 

seventh of the now well-known “Traité de 
Zoologie” to appear (two of them are each composed 
of two fascicles the size of volumes). It is intro- 
ductory to the study of the vertebrates and deals in 
a general way with the embryology, development, 
adult structure of the group and the various funda- 
mental problems that arise from a consideration of 
its comparative anatomy. It immediately calls to 
mind the classical ‘Studies on the Structure and 
Development of the Vertebrates” by the late Prof. 
E. S. Goodrich, since many topics are common t0 
both. It differs in that Prof. Goodrich said of his 
work, “It is not a complete treatise, but deals with 
certain subjects and problems of special interest”, 
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whereas the “Traité’” attempts to cover the whole 
field and has in addition a short but interesting chap- 
ter on the biochemical characteristics of vertebrates. 
The twenty-four years separating the two works 
have been fruitful ones. The contents of the present 
volume are difficult to appraise because it is to be 
followed by others treating of the separate classes ; 
that on birds has already appeared, and so what 
appear to be gaps may only be postponements. Thus, 
in the excellent account of the eye, the portion 
dealing with birds only mentions the  pecten 
incidentally and very briefly, but it is adequately 
dealt with in the bird volume. 

Perhaps too much stress has been laid on the old 
classics even for a general introduction ; for example, 
the figure of the arterial system of the salamander is 
taken from Bethke (1898) with no mention of the 
more detailed and modern work of Francis (1934). 
Information on the elasmobranchs is taken from 
Parker, and the much more recent and comparative 
work of Daniel and his school not considered. On 
the whole, the chapters dealing with the central 
nervous system, eye, ear, olfactory organ and teeth 
appear to be the most outstanding: the last four 
are dealt with by members of the medical faculty 
but none the less in a completely comparative 
manner both anatomically and functionally. No 
other text-book of zoology contains such a wealth of 
information on these important subjects. They are 
also up to date and, in one case, include information 
published in the previous year, which is praiseworthy 
in such a large work. 

The whole format of the volume, its paper, press 
work and illustrations carry on the very high standard 
The 733 text-figures, line 
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of the previous volumes. 
block (467), line block with colour (23), half-tone 
drawings (157), half-tone photographs (47) and half- 
tones of macro and micro sections vary considerably 


in usefulness and presentability. The line-blocks 
Figs. 5, 6, 7, 234 and 633 are excellent, as are those 
with colour—for example, Fig. 44, which occupies 
three whole pages, and Fig. 46 on four pages—and 
they show the wide range of effects that can be pro- 
duced by this process. In the chapter on the central 
nervous system considerable use has been made of 
photographs of actual dissections, and they are not 
an unqualified success. Some—for example, on pp. 
239, 252, 259, etc.—are not very helpful; others 
with an explanatory diagram are more easily com- 
prehended. It is not obvious why good drawings 
were not used throughout, since readers of this work 
will be familiar with the appearance of dissections, 
usually difficult to photograph. It is quite otherwise 
with the photographs of the macro and micro sections, 
many of which are quite as clear as a diagram, and 
they do represent the actual object. It is a pity that 
the nomenclature has not been unified and brought 
up to date; for example, the same animal appears 
as Scyllium and Scylliorhinus, and another as Hatteria 
and Sphenodon. Moreover, each of the pair is indexed 
separately without any cross-reference. It is not as 
if the original name had been retained, for on p. 717 
Scylliorhinus is used in reproducing a diagram from 
Goodrich, who called it Scyllium. 

In spite of these blemishes, the volume is most 
useful and to be highly commended. It deals with a 
number of topics in an up-to-date and adequate 
manner and is a welcome addition to the few general 
works on vertebrates. Doubtless it will hold its 
place as an important work of reference for a con- 
siderable time. C. H. O’DonoGHUE 
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EDUCATION AND SOCIAL 
DEVELOPMENT IN THE COLONIES 


Education and Social Change in Tropical Areas 
By Prof. Margaret Read. Pp. ix+130. (London and 
Edinburgh : Thomas Nelson and Sons, Ltd., 1955.) 
8s. 6d. net. 


‘HE papers collected in this volume were written 

over a period of nearly ten years and addressed 
to audiences as diverse as the subjects covered. Most 
of them were presented, however, during the years 
1950-52, and although the common theme—the 
application of social anthropology to educational 
problems—gives the book more unity than its 
structure would possess, it nevertheless lacks the 
coherence and incisiveness that it might have had if 
Prof. Margaret Read had sat down to rewrite the 
papers and weld them into a systematic discussion 
of a few leading themes. As it is, too many points 
are raised and cursorily dismissed, problems are 
indicated rather than analysed, and though there is 
less repetition than might have been expected, the 
net result is less satisfactory and penetrating than 
some of the individual papers. 

None the less, the book is to be welcomed not 
solely as a contribution to the clearer understanding 
of the fundamental conditions in which Colonial 
development and welfare operate. Dr. Read indicates 
clearly and forcefully the leading questions which 
have to be considered in formulating educational 
policy, or social policy in general, in the Colonial and 
similar territories: the problem of communication 
and the importance of studying the results of cultural 
contact and education in terms of the changing 
patterns of living and social grouping among the 
people of the tropical areas. But when she also 
depicts in so stimulating a manner the difficulties 
that arise—because what is educationally desirable 
may be socially unacceptable, or because what is 
socially desirable is economically unattractive, or 
because the economically attractive is politically 
impracticable—we are aware that much that is 
written of tropical areas has its bearing on educational 
policy in Great Britain. 

Quite apart from its contribution to the under- 
standing of Colonial welfare and development, Prof. 
Read’s book is of real value for its bearing on educa- 
tion in Britain on two counts. First, it emphasizes 
the need for a similar approach to our own educational 
problems; it raises, for example, such leading 
questions as the appropriateness of our educational 
system to the society in which we live. Secondly, it 
demonstrates the value and importance of the 
holistic approach to educational problems, whether, 
for example, at the upper end in considering the 
expansion of higher technological education and the 
balance between that and university education, on 
one hand, and technical education, on the other ; or, 
at the other end of the speculum, in considering the 
place of adult education and whether it is not desir- 
able that some attempt should be made by such 
means to reshape particular group attitudes to higher 
education. 

The book is admirably produced and reasonably 
priced, but once again it has to be recorded that the 
absence of both index and references detracts from 
its full value in stimulating further thought and study 
on problems which determine the future of Britain 
as much as that of her tropical dependencies. 

R. BRIiGHTMAN 
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A HUNDRED YEARS OF TECHNOLOGICAL TRAINING AND 
RESEARCH IN SWITZERLAND 


By Pror. MAX WILDI 


Swiss Federal Institute of Technology 


HE twenties and thirties of this century wit- 

nessed the centennial celebrations of the earliest 
non-denominational university institutions, of the 
type of University College, London. Now, in the 
middle of the century, a later phase of nineteenth- 
century development in the domain of higher 
education has completed its first century: the 
specialized technological colleges and institutes. Thus 
during October 20-22, the well-known Eidgenéssische 
Technische Hochschule of Zurich (the Swiss Federal 
Institute of Technology) is entertaining guests of 
honour from all over the industrialized world to 
celebrate its first centenary. 

The official opening of the first courses of this 
school in October 1855 was preceded by half a century 
of idealistic projects and enthusiastic promotion by a 
few far-sighted men, by petty regional squabbling 
and rivalry, long parliamentary debates ending in 
what, to the first promoters, would probably have 
appeared a sadly truncated affair, but which has 
proved a wise and far-sighted solution, eminently 
wise in what was not attempted and equally far- 
sighted in what was actually done. The first pro- 
moters, men like Stapfer, Switzerland’s ambassador 
to the First Consul in Paris, had conceived the lofty 
idea of a central, national university embracing all 
faculties plus a technological section, to be supported 
and administered by the central government. In a 
country of such cultural, religious and linguistic 
diversity as Switzerland, the plan, had it ever been 
put into practice, would have led either to a pitiably 
atrophied, characterless shadow of a university, or to 
an“aggressive stronghold of centralization in a sphere 
where, according to Swiss political tradition, the 
cantons, as embodying the regional autochthonous 
forces, are absolutely sovereign. It was different with 
the new technical sciences, for example, mechanical 
and electrical engineering, chemistry, geodesy and 
geology. These were, to a very large extent, of 
foreign, partly British, growth. They had no con- 
nexion whatever with the historical and regional 
forces. None of the older Swiss universities (Basle 
‘and Geneva) or even their younger liberal sister 
institutions at Zurich or Berne had seriously started 
teaching technology or science. Thus the way was 
open for a central school of engineering and kindred 
subjects. 
™ The Swiss Federal Institute of Technology owes its 
initial impulse, its generous endowment and the wide 
and lofty conception of its aims to the great liberal 
revolution of 1848. That year marks the victory, in 
Swiss history, of the urbanized Protestant areas with 
their old textile and watchmaking industries over the 
mainly agricultural Roman Catholic mountain valleys, 
among which lay the cradle of Switzerland. Zurich, 
the rising industrial town, terminus of the first rail- 
way and centre of important engineering plants, was 
chosen as the seat of the new school. It was here, on 
the site of the old ramparts overlooking the Limmat, 
that the imposing main building in classic style of 
the Institute arose to the design of Gottfried Semper, 
the first head of the school’s architectural section. 


Originally, that is, in the half-century between its 
erection in 1864 and the completion of the neigh. 
bouring university buildings, it housed both the 
Federal Polytechnic School as it was then called after 
its famous prototype, the Ecole polytechnique of 
Paris, and the cantonal University. 

The remarkable development of the technical 
sciences in the course of a century is reflected in the 
rapid growth of this representative centre of technical 
study and research. Its original six sections com. 
prising architecture, engineering (two sections), 
chemistry, forestry and general subjects, had to be 
doubled by subdivision and the inclusion of natural 
science, theoretical mathematics and physics, pharma- 
ceuties, surveying and military science. The develop. 
ment of the Institute during recent decades from a 
mainly educational centre to a scientific research 
institution made it imperative to adapt the existing 
laboratories to their new purposes and to add many 
new ones. Among more recent additions may be 
mentioned institutes or laboratories for photogram- 
metry, geophysics, micropaleontology and applied 
mathematics. In the course of the past seven years 
alone, twelve new professorial chairs for these and 
other subjects have been created. The staff of the 
Institute comprises at present 107 professors, 68 
Privatdozenten (assistant professors and lecturers) and 
237 assistants. Professors have the same standing as 
holders of full university professorships. The number 
of full-time students varies from 2,600 to 4,000. Of 
these, 15-25 per cent are foreigners. Their studies 
cover, as a rule, a four-year course ending in a final 
diploma examination. A minority of approximately 
25 per cent of all postgraduates go in for independent 
research in order to obtain the degree of a doctor of 
technical, mathematical or natural sciences. Many 
well-known scientists and leading engineers received 
their early training at the “ETH”; among others, 
Réntgen, Sir Alfred Mond, Stodola and Einstein. The 
latter two ‘were members of the Institute’s teaching 
staff as well. 

One special feature of the Swiss Federal Institute 
of Technology has attracted the attention of educa- 
tional authorities in countries where new techno- 
logical colleges were being planned or actually 
founded, as, for example, Australia: it is the exist- 
ence, side by side with the specialized sections, of a 
large, fully equipped general section dealing with 
such humanistic and non-technical subjects as 
philosophy, psychology, German, French, Italian and 
English language and literature, political and con- 
stitutional history, law and economics, art history 
and history of music. Most of these formed part of 
the original programme of 1855. From the fact that 
English as the only non-national language was given 
a half-time professorship at the newly founded 
school, one may gather how great was the prestige 
Britain enjoyed as the foremost liberal and industrial 
power. (The chair for English has since been made 
a full-time professorship.) All courses in this so-called 
free section are voluntary, students being only 
required to attend at least one hour a week in any 
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of the various general subjects. The Institute is 
proud to have had among the professors of this 
section men like Jakob Burckhardt, Friedrich Theodor 
Vischer, Francesco de Sanctis and, in recent times, 
Carl Gustav Jung. 

In the first century of its existence the Swiss 
Federal Institute of Technology has played a very 
important national and a surprisingly large inter- 
national part. It has provided Switzerland with 
generations of first-class engineers who helped to 
open the magnificent but barren mountain fastnesses 
to international traffic by boring the Gotthard and 
Simplon tunnels and by harnessing the Alpine torrents 
to provide the country with electric energy. It has 
trained thousand of architects and chemists, and it 
has equipped the schools of Switzerland (and itself) 
with young teachers in mathematics, physics and 
natural science, who in their turn provided an élite 
of scholars. The latter was supplemented by eminent 
foreign talent, which was freely admitted and even 
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sought after. For many generations the eastern 
European and Balkan countries not only sent 
thousands of students to Zurich, but they also gave 
the Swiss Federal Institute of Technology some of 
its brilliant scholars, men like Stodola and Ruzicka. 

In a country like Switzerland, a country that is so 
poor in natural resources that three-quarters of its 
energy supply and nearly all its raw materials as well 
as a very large amount of foodstuffs have to be 
imported from abroad, a population of five millions 
can only be maintained at the present high standard 
of living if all the latent energy of the nation ¢an be 
called forth and given an opportunity of profitable 
activity. For Switzerland this means specialized 
activity in the sphere of international trade and 
industry rendering high visible and invisible exports. 
It need scarcely be said that, in such an economy, 
the leading centre of scientific and industrial research 
and training holds and will continue to hold something 
like an intellectuai key position. 


ADVANCES IN ORGANIC CHEMISTRY 
FOURTEENTH INTERNATIONAL CONGRESS OF PURE AND APPLIED CHEMISTRY 


HE Fourteenth International Congress of Pure 

and Applied Chemistry took place in Zurich 
during July 21-27. It was devoted to organic 
chemistry and was undoubtedly the most repre- 
sentative gathering of organic chemists held in 
recent years. 

Here, on the favourite meeting ground for inter- 
national conferences, refreshed by the beauty of the 
city and its surroundings, delighted by the generous 
hospitality of their hosts, and encouraged by the 
messages of peace and political rapprochement 
emanating from Geneva, more than three thousand 
chemists and their ladies from nearly forty countries 
were assembled. The distinguished company in- 
cluded many leaders of the science, and the list 
of participants might well have been taken for 
the author index of a text-book of contemporary 
organic chemistry, with scarcely an important name 
omitted. 

The scientific programme was arranged in three 
main sections, covering (i) theoretical and physical 
organic chemistry, (ii) natural- products, and (iii) 
synthetic, industrial and analytical organic chemistry. 
It comprised fourteen lectures, delivered by invited 
speakers, and more than six hundred papers read in 
ten groups meeting simultaneously. To this were 
added visits to the chemical industries in Basle and 
to various other factories, numerous excursions and 
social events, including a reception at the Stadthaus 
and a banquet attended by more than a thousand 
people, as well as the committee meetings of the 
International Union of Pure and Applied Chemistry, 
which was simultaneously holding its Eighteenth 
Conference. Thus, the time-table was a rather 
crowded one, and no praise can be too high for the 
superb work done by the organizing committee, 
presided over by Prof. Paul Karrer, and for the 
unobtrusive efficiency with which its arrangements 
were put into effect. 

It is, of course, quite impossible within the space 
of a short article to attempt even a summary of the 
scientific material presented at the Congress. In any 


event, no one Congress member could be physically 
present at more than about one-tenth of the pro- 
ceedings. Fortunately, complete abstracts of the 
papers (usually with references to the journals in 
which they are to appear) are available in the Con- 
gress handbook, a handsomely printed volume of 
some 440 pages, while the lectures will be published 
in extenso before the end of the year as a special 
supplement to Experientia. Rather than to catalogue 
a long list of titles, better purpose might be served, 
therefore, by mentioning a few of what appeared to 
be particularly significant or memorable contribu- 
tions (though such a selection must necessarily be a 
very personal one) and setting down some general 
impressions and reflexions. 

Perhaps the most noteworthy feature of the pro- 
gramme was.the emergence of physical and theoretical 
organic chemistry as a fully-grown branch of the 
subject, equal in importance and scope to the other 
two major branches. The papers read at the Congress 
were numerically divided in almost equal proportions 
between the three sections, and five of the fourteen 
lectures were devoted to a physical organic topic. 
C. Dufraisse discussed photoxidation, with particular 
reference to transannular peroxides formed by poly- 
cyclic aromatic compounds. C. K. Ingold reviewed 
the contributions of his school to the theory of steric 
hindrance. N. A. Nesmeyanov outlined a descriptive 
theory of conjugated systems which seeks to inter- 
pret their twin or multiple modes of reaction without 
recourse to the concepts of resonance or mesomerism. 
Recent developments in our knowledge of carbonium- 
ion intermediates were described by S. Winstein, 
who reported that the acetolysis of the anti-7- 
norbornenyl tosylate (I) proceeds with a rate greater 
by a factor of 10% than the saturated derivative 
(III) owing to the intervention of the bridged ion 
(II). Another remarkable example of transannular 
interaction occurs in the acetolysis of the benzoate 
(IV), which yields a hydrocarbon possessing the 
architecturally satisfying structure (V), besides other 
products. 
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D. H. R. Barton reviewed the principles of con- 
formational analysis, which have so revolutionized 
our under. tanding of the chemistry of alicyclic com- 
pounds. Using these principles, the conformations of 
molecules containing several fused cyclohexane rings 
can usually be deduced from qualitative data; but 
work in this field is now moving towards still subtler 
and more quantitative aspects of stereochemistry. 
Studies on reaction-rates, such as of the formation 
of benzylidene derivates from triterpenoid ketones, 
reveal that even widely separated groups often show 
marked interactions, and Prof. Barton suggested that 
distortion due to unsaturated substituents can be 
transmitted through a large molecule by small con- 
tiguous alterations in valency angles and atomic 
co-ordinates. He coined the term ‘conformational 
transmission’ to describe this novel effect. 

Numerous papers of great interest were read in 
this section, so that it would be inappropriate to 
single out any individual contribution for specific 
mention. The main lines to be followed in inter- 
preting quantitatively the basic facts of organic 
chemistry now seem to be firmly laid down, and it 
appears that pioneering investigations will be in- 
creasingly concerned with what may be termed 
non-classical phenomena. It also seems quite safe to 
forecast a continuance of the notable activity in the 
field of photochemical and radiochemical organic 
reactions and in the application of spectroscopic and 
isotopic tracer methods. 

In the section of natural products, many out- 
standing feats of synthesis were described: V. du 
Vigneaud outlined his recent work culminating in 
the complete solution of the structure of oxytocin, 
the principal labour-inducing and milk-ejecting 
hormone of the posterior pituitary gland. R. B. 
Woodward described the total synthesis of strychnine, 
an achievement which but a few years ago still 
seemed altogether outside the range of the attain- 
able. Two remarkable syntheses, not previously 
published, were announced from Swiss industrial 
research laboratories. Aldosterone (VIII), the most 
potent hormone of the adrenal cortex, which was 
isolated and had its constitution determined only 
last year by a team led by T. Reichstein, has been 
synthesized through a sequence of about twenty 
steps starting from Sarett’s tricyclic ketone (V1) 
through the intermediate (VII) (A. Wettstein and 
co-workers, Ciba Company). A highly efficient syn- 
thesis, starting from B-ionone, of B-carotene, one of 
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the most widely distributed carotenoid plant pig. 
ments, has been worked out and is already being 
employed for commercial production on the tre. 
mendous scale of several tons per year (O. Isler and 
co-workers, Hoffman—-La Roche Co.). The novel 
key-step in the synthesis is a chain-lengthening of 
unsaturated aldehydes by the condensation of the 
corresponding acetals with vinyl or propeny] cther, 
In addition to §-carotene, lycopene and no less than 
six other carotenoid hydrocarbons have been obtained 
by similar routes, and the first total syntheses of the 
oxygenated carotenoids, zeaxanthin and physalien, 
have been achieved. The carotenoids are natural 
and harmless colouring matters for margarine and 
other food products, and their manufacture wil! no 
doubt rapidly bring to an end the use of aniline dyes 
for this purpose. 

In a paper which will be remembered as much for 
its historical associations as for its scientific interest, 
Sir Robert Robinson described the final stages in the 
synthesis of brazilin (XI). Sir Robert recalled that 
he began his studies in this field—almost his first 
research topic—nearly fifty years ago with Prof. 
W. H. Perkin, jun., at Manchester. Deoxytrimethyl. 
brazilone (IX), which had previously been synthes- 
ized, was converted through a series of steps into 
dl-brazilein (X). Borohydride reduction, followed by 
resolution of the menthyloxyacetyl derivative, then 
gave d-brazilin (with F. Morsingh). 


“Be 
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Besides the synthesis of substances of ever- 
increasing complexity, the other main challenge now 
attracting chemists working on natural products is 
that of biogenetic inter-relationships. H. Erdtman 
reviewed the chemistry of tropolones and other con- 
stituents of conifers and demonstrated their tax- 
onomic significance. C. Fromageot described his 
comparative studies on lysoenzymatic proteins which 
contain more than a hundred amino-acid residues. 
In the field of steroids and triterpenes, activity shows 
no signs of abating; the stereochemical connexions 
between the two groups have been further clarified 
(O. Jeger and co-workers) and several important new 
structures, including those for the biogenetically 
interesting tetracyclic triterpenes butyrospermol 
(T. G. Halsall and E. R. H. Jones) and «-onocerin 
(D. H. R. Barton and K. H. Overton), were reported. 

By comparison with the very rapid expansion of 
well-established classes of compounds, the appearance 
on the horizon of structurally completely novel types 
show signs of slowing down, as if a rich but over- 
worked mine were increasingly reluctant to yield 
new seams. Nevertheless, there were some remark- 
able new finds; a noteworthy example is the anti- 
biotic erythromycin, which contains the multi- 
hydroxylated fourteen-membered lactone ring (XII) 
consisting of seven propionate units joined in head-to- 
tail fashion (K. Gerzon and co-workers). Widespread 
interest was also aroused by the fact (see Nature. 
August 20, p. 325) that the most complex so far of the 
vitamins, B,,, has yielded its secrets to the combined 
efforts of a team of chemists and X-ray crystallo- 
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graphers (Sir Alexander Todd, Dorothy Crowfoot 
Hodgkin and co-workers) ; in addition to the mag- 
nitude of the molecule, the presence of a porphyrin- 
type nucleus containing two directly linked, partly 
hydrogenated pyrrole rings is unique. 

“In the third of the Congress sections, major syn- 
thetical methods developed in recent years were 
given due prominence. K. Alder reviewed advances 
in our knowledge of the factors controlling the 
occurrence and direction of diene addition, know- 
ledge which chemists owe in large measure to the 
work of his school. Organometallic compounds, 
which seem capable of unlimited development as 
synthetical reagents, were represented by a par- 
ticularly interesting lecture by K. Ziegler, who 
described his recent work on the polymerization of 
olefins by aluminium alkyls. This has resulted in a 
new process for the manufacture of polyethylene 
which promises to be of great technical importance ; 
another application involves a replacement reaction 
yielding the anti-knock agent, lead tetraethyl, 
together with aluminium metal of high purity. The 
impact of fundamental research on quite a different 
field of applied chemistry, that of photographic 
sensitizers, was outlined by L. G. S. Brooker. The 
spectral properties of cyanine dyes, the most effective 
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sensitizing agents known, are highly dependent on 
solvent or other physical environment, and it is now 
well established that the sensitizing curve is closely 
related to the light absorption curve of the dye-silver 
halide complex. 

Although the dominant note of the Congress was 
on the pure rather than the applied side of chemistry, 
it thus provided many forcible reminders that civil- 
ization does not depend solely on the supply of 
power, an aspect which features so prominently in 
public discussion at the present time, but also 
on the harnessing of energy to the production of 
food, clothes, fuel and an infinite variety of other 
things. No one attending the Congress could have 
been left in doubt that organic chemistry is an 
immensely alive subject, and that we are only at the 
beginning of an era in which this branch of science 
will wield an ever-increasing influence on our daily 
lives, by substituting synthetic materials for natural 
products and by bringing under control biological 
processes which have so long sustained mankind 
unbridled. 

Whether fired by such far-reaching thoughts, 
engrossed in new ideas or fresh problems, or merely 
stimulated by personal contact with many colleagues, 
members of the Congress dispersed in an elated 
mood, affd a large proportion appeared to make for 
other parts of Switzerland to follow up a period of 
mental by another of physical recreation. The 
interesting encounters the writer had during a fort- 
night’s climbing in the Grisons area certainly left 
him with the impression that seldom can so many 
organic chemists have been concentrated on so high 
a level. 

It was announced that the next International 
Congress of Chemistry, covering all branches of the 
subject, will be held in Paris in July 1957, following 
the centenary celebration of the Société Chimique de 
France. E. A. BRAUDE 


DUST AND HEALTH IN INDUSTRY 


DISCUSSION on ‘‘Dust and Health in Industry” 

was held by Section I (Physiology) of the 
British Association on the morning of September 1 
at Bristol. It was opened by Dr. B. M. Wright 
(Medical Research Council Pneumoconiosis Research 
Unit), who dealt with the problem of measuring dust 
exposure in relation to pneumoconiosis of various 
types. Dr. Wright pointed out that, to understand 
the problem, it is necessary to consider some of the 
physical properties of dust and some aspects of the 
physiological behaviour of the respiratory tract. 
Airborne dust consists of particles of such smail size 
that their rate of settling in air is very low, of the 
order of 5 cm./min. for a particle 5u in diameter, 
down to rates so low as to be negligible for particles 
less than about I. As a consequence, the size range 
of airborne dust particles depends upon the atmo- 
spheric conditions ; in still air they will be very fine, 
whereas in a well-ventilated place relatively coarse 
particles will remain in suspension. Particles that 
are large enough to be visible are of little hygienic 
importance, so that it is not possible to judge the 
likely danger to health of an environment by visual 
inspection, and the use of an instrument is essential. 
Turning to the physiological properties of the 
respiratory tract, Dr. Wright pointed out that it 





consists essentially of two parts—the upper respir- 
atory tract, which is covered with ciliated epithelium, 
and the respiratory bronchioles and alveoli, which 
are not. Particles that settle on the ciliated epithelium 
will be removed within a matter of minutes or hours, 
whereas particles that penetrate to the alveoli may 
be retained indefinitely in the lung. The low settling- 
rate of very fine particles enables them to penetrate 
deeply into the respiratory tract, and the finer they 
are the farther they penetrate. The main mechanism 
by which they are trapped in the tract is sedimenta- 
tion in the smaller bronchioles, although some loss of 
larger particles by impingement takes place in the naso- 
pharynx \and larger bronchi. The velocity of the air 
in the respiratory tract decreases continuously as it 
approaches the alveoli, where air movement is almost 
negligible, so that a substantial proportion of particles 
penetrating into the alveoli settle out and are retained. 
The proportion of particles retained is not much 
affected by the rate of breathing, because, although 
the increased air velocity tends to reduce the pro- 
portion of particles captured by sedimentation, 
impingement becomes a more important mechanism, 
and also the volume of air entering the alveoli is 
increased. It is important to realize that the 
penetration of particles to the alveoli has nothing 
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directly to do with the relative dimensions of the air 
vessels and the particles, since the former are never 
less than 2002 in diameter, whereas the largest 
particle ever likely to penetrate to the alveolus is 
only about 5u in diameter. Particles deposited in 
the alveoli are removed therefrom by phagocytes 
and are mostly deposited in the interstitial tissue, 
though some probably are also carried on to the 
ciliated epithelium and so removed from the lungs. 
Particles retained in the lungs, if they are relatively 
insoluble, will accumulate and cause pneumoconiosis. 
Particles deposited on the ciliated epithelium will 
cause no trouble unless they are soluble and irritating. 
Severely poisonous substances can cause general 
intoxication, whereas mildly irritating materials can 
cause chronic conditions such as byssinosis. 

Owing to the wide range of particle sizes found in 
airborne dust, the range to be selected for sampling 
must be decided by the nature of the disease under 
consideration. If it is thought to be mainly due to 
irritation of the upper respiratory tract, particles up 
to 10 or 15u diameter must be considered, whereas 
with a true pneumoconiosis only those less than 5y 
are of importance. 

Two main methods of assessing the quantity of 
dust are available—weighing and counting. The 
disadvantage of the former method is that it greatly 
overestimates the importance of large particles out- 
side the respirable range, whereas the latter method 
is liable to be indeterminate, since the number of 
particles counted depends largely on the efficiency of 
the microscope used. In theory, a measurement of 
the surface area of dust might be of value, but 
practically it is difficult to obtain a measure of the 
true surface, and it is still necessary to confine the 
measurement to particles in the respirable size range. 
When collecting samples for microscope counting, 
care has to be taken that they are not distorted by 
the sampling instrument, so that the actual size of 
the airborne particles or aggregates can be judged. 
Methods are now available for collecting samples for 
gravimetric analysis, in which the larger particles are 
separated while sampling by a mechanism similar to 
that in operation in the respiratory tract. 

Prof. J. Gough and Dr. A. G. Heppleston (Depart- 
ment of Pathology, Welsh National School of 
Medicine, Cardiff) then presented a paper on “The 
Harmful Effects of Pneumoconiosis”’, with particular 
reference to coal-workers. In the past, a high phthisis 
death-rate was associated with the inhalation of 
highly siliceous dusts, but a low rate with exposure 
to coal dust. Recent evidence, however, indicates 
that coal-mining is not such a healthy occupation as 
had been supposed and that tuberculosis plays an 
important part in the pneumoconiosis of coal-workers. 
Two forms of this disease may be distinguished. 
Simple pneumoconiosis is characterized by numerous 
discrete dust foci throughout the lung and represents 
the effect of dust alone. Complicated pneumoconiosis 
is often superimposed on the simple form, appearing 
as one or more densely fibrous black masses, and is 
considered to represent the combined effect of dust 
and tuberculosis. James has found bacteriological 
or histological evidence of tuberculosis in 40 per cent 
of these massive lesions from 245 men. When split 
into age-groups, however, 88 per cent of massive 
lesions from men less than forty showed tuberculosis, 
but only 29 per cent of lesions from men of sixty and 
more. These findings are interpreted as pointing to 
the tuberculous origin of massive fibrosis and suggest 
that, with increasing age, the infection dies out. A 
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tuberculous element therefore exists in the massive 
fibrosis of coal-workers just as in classical silicosis, 
but in coal-workers it is largely concealed, except in 
the younger men. In 1,000 consecutive autopsy 
cases, there were 454 with massive fibrosis and, of 
these, 87 died from pulmonary tuberculosis but 218 
from pulmonary heart disease due to vascular 
obliteration and emphysema caused by massive 
fibrosis. It can therefore be said that indirectly 
tuberculosis contributes greatly to the morbidity and 
mortality of coal-workers. 

Simple pneumoconiosis, however, is very rarely 
fatal but can contribute to disability in men over the 
age of fifty. To establish the effect of simple pneumo. 
coniosis on coal-workers, the pathological findings 
in the 1,000 autopsy cases were correlated with the 
disability during life. 29 cases were found in which 
dyspneea could be attributed only to simple pneumo. 
coniosis, that is, after eliminating all other possible 
causes for dyspnoea. This figure, however, under- 
estimated the contribution of simple pneumoconiosis 
to disability because, to prove its effect, the 454 
coal-workers with massive fibrosis had to be excluded 
and many of these had the more severe grades of 
simple pneumoconiosis. Free silica is not regarded 
as necessary for the development of the simple dust 
lesion of coal-workers, which bears no pathological 
resemblance to the classical silicotic nodule. A woman 
exposed for five years to the inhalation of carbon 
black, a very highly purified form of carbon, developed 
lung lesions identical with those of simple pneumo- 
coniosis in coal-workers, thus supporting the con- 
clusion that the reaction to airborne coal dust is 
non-specific. The development of the simple dust 
lesion in men exposed to a dust, such as coal or 
hematite, containing little free silica, therefore 
depends on mechanical accumulation of sufficient 
dust irrespective of its nature. (The precise structure 
of the simple dust lesion of coal-workers was then 
demonstrated by means of a film prepared from 
serial sections.) This lesion is in effect a fairly wide 
cylinder of vesicular tissue consolidated by dust and 
a little fibrous tissue, disposed around respiratory 
bronchioles, which are often dilated to produce the 
change known as focal emphysema. The mechanics 
of focal emphysema are interpreted on the basis of 
imbalance between the forces of inspiration and 
expiration, in which atrophy of bronchiolar smooth 
muscle appears to be the main factor. Dyspnoea due 
to simple pneumoconiosis in coal-workers can there- 
fore be attributed to rigidity of important segments 
of the bronchiolar tree and to the development of 
focal emphysema, which may be regarded as in- 
creasing the dead space of the lung, an effect likely 
to be greater as the emphysema becomes more severe. 

Reference was also made by Prof. Gough and Dr. 
Heppleston to the pathological features of the recently 
recognized ‘rheumatoid’ nodules in the lungs of coal- 
workers with rheumatoid arthritis. These nodules 
have to be distinguished from foci of complicated 
pneumoconiosis. It was suggested that coal-workers 
with rheumatoid arthritis react abnormally to the 
collagen produced in infective pneumoconiosis, and 
the non-specific inflammatory reaction, which may 
occur in the absence of tubercle bacilli, is believed to 
be the ‘rheumatoid’ component of these peculiar 
nodules. 

Mr. 8. Smith (Factory Department, Ministry of 
Labour and National Service) dealt with protection 
against the risk of inhalation of industrial dust. 
Whereas the almost instinctive reaction to the 
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existence of a dust hazard is to think of providing 
respirators, or local exhaust ventilation, these 
methods are wrong as first thoughts. The funda- 
mental method, which has been used with success in 
many processes, such as bedding of pottery, grinding 
and ‘sand-blasting’, is to substitute a harmless dust 
for the dangerous one. Where this is not possible, 
the dangerous process ought to be totally enclosed : 
perhaps the most striking illustration of the success 
that can be achieved in this way is the control of 
radioactive dusts in the Atomic Energy Research 
Establishments. But complete enclosure, although 
often possible, is not always expedient. In such cases, 
as near total enclosure as is possible should be 
obtained, and suction applied to the inside of the 
cabinet, so that the enclosure is sealed, as far as dust 
is concerned, by a dust-proof wall of moving air. To 
be effective, the air ought to be moving into the 
cabinet at about 150 linear feet per minute. This 
arrangement is none other than the common fume 
cupboard, which is to be found in every chemical 
laboratory ; ‘industzial’ fume cupboards have been 
built around such plant as ‘barrels’ in foundries, 
asbestos blending benches, asbestos stock heaps, 
brass melting furnaces, and luminizing benches. Of 
course, most of the fume cupboards in industry are 
not the fragile glass structures commonly found in 
laboratories ; those that enclose heavy plant have to 
be of steel, but the principle governing their use is 
the same. Obviously, very large machines can be 
protected in this way for very small running-costs. 

When the degree of enclosure that can be achieved 
is small, very large air-flows are n to give 
even moderate control of the dust; this degenerate 
‘fume cupboard’ is the familiar local exhaust hood. It 
is often unsatisfactory for such reasons as its high 
running-costs, the poor control of dust that it some- 
times gives, and the fact that, if the machinery works 
at high speed, it is usually defeated ; an example of 
this is the recent discovery by foundry research 
associations, in conjunction with the Factory Depart- 
ment of the Ministry of Labour and National Service, 
that the hood of the orthodox pedestal grinder 
(where good enclosure and high air flows are common) 
is ineffective because the dust moves under the 
influence of the wheel rather than of the air flow. 

In the past, wetting has been relied upon to prevent 
the emission of dust. It has been found that this is 
successful only if gentle forces are at work, as in the 
stirring of a slurry ; with violent forces, as in grinding, 
or ‘dunting’ in the granite industry, wetting is not 
effective. Suppression of an existing dust cloud by 
sprays is very difficult and inefficient. 

If none of these methods is completely effective, 
one is thrown on to the last resort—personal pro- 
tection of each person at risk by the provision of 
respirators. The performance of dust respirators is 
governed by British Standard 2577, and many in 
use are unlikely to be able to pass its stringent tests. 

Reliance is placed, sometimes, on the dilution of 
a dust cloud to a safe concentration by general 
ventilation. Experience has shown this to be quite 
wrong. 

A protective scheme is usually built on the basis 
of samples having shown the existence of dangerous 
conditions; therefore, it is necessary to consider 
methods of sampling. Research has shown that, for 
general purposes, only the thermal precipitator and 
absolute methods, such as sedimentation, are reliable. 
Even with these, statistical sampling errors occur ; 
and others appear in the evaluation of the sample, in 
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the form of counting errors, and errors due to having 
to allot a given particle to one of a finite number of 
size groups, instead of being able to give the size 
distribution in a sample as a continuous function. 
Therefore, to express results to three, and sometimes 
four, significant figures, as is common in the literature, 
is patently absurd; and the existing tables of 
‘maximum allowable concentrations’ (which give 
results to three significant figures) are of little value. 
All workers in"this field work to two numerical values 
for each material, whether they realize it or not ; the 
lower is the upper limit of concentrations that they 
know to be safe, and the upper is the lower limit of 
those that they know to be dangerous. The gap 
between the two limits is always wide, because there 
is a lack of fundamental information about which 
parameters make a given dust dangerous, and about 
the finer details of the mechanism whereby the dust 
causes its damage to the lung. The gap can become 
narrower as more fundamental information is dis- 
covered. 

Dr. R. S. F. Schilling (Department of Occupational 
Health, University of Manchester) described the 
results of a recent investigation of byssinosis among 
Lancashire cotton workers. He gave a brief review 
of cotton processes and described the signs and 
symptoms of the disease. There were no specific 
X-ray changes in the lung fields, and diagnosis 
depended on the typical history of breathlessness and 
chest tightness on the first working-day of the week. 
Because of the lack of specific signs, the existence of 
byssinosis as an industrial disease has been doubted. 
Another masking feature is the high incidence of 
chronic respiratory disease in the general population 
of the cotton towns of Lancashire. However, by 
using a modified Gaensler apparatus to measure the 
volume of air expelled during the first 0-75 sec. of a 
forced expiration, the ‘maximum voluntary ventila- 
tion’ was calculated and gave an indication of the 
degree of disability caused by byssinosis. A survey 
made in the Oldham area against controls from two 
engineering factories disclosed that 60 per cent of all 
persons at risk were suffering from the disease. In 
the worst cases, the maximum voluntary ventilation 
was only 60 litres/min., whereas that for controls of 
the same age was more than 100 litres/min. Out of 
190 men between forty and sixty years of age working 
in card and blow rooms, some 26 were seriously dis- 
abled by byssinosis. The disease principally occurred 
in card rooms, and its prevalence was inversely 
related to the distance of the workers from the 
carding engines. Byssinosis presents a number of 
problems. Is it due to a specific allergen ? What is 
the origin of the causative agent ? Is it in the cotton, 
or the trash, or in the concomitant moulds or bac- 
teria? No maximum allowable concentration of 
cotton dust is known, or has been suggested. 

Dr. C. L. Sutherland reviewed the position from 
the point of view of national insurance in Britain. 
He remarked that simple pneumoconiosis among coal 
miners is quite unimportant; and that statistics 
show that miners’ wives suffer from heart disease 
almost to the same extent as their husbands. In 
reply, Dr. Heppleston emphasized that the clinico- 
pathological correlation indicates that simple pneu- 
moconiosis can cause disability, but the figures give 
no indication of frequency. Furthermore, the occur- 
rence among miners’ wives of a high mortality from 
heart disease and pulmonary tuberculosis does not 
adversely affect the arguments relating to the nature 
of dust disease in the coal-workers themselves. 
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Dr. B. Klinge queried the apparently different 
descriptions of the mechanism of deposition of dust 
in the lung as given by the different speakers, and 
wondered why Dr. Schilling had suggested no 
mechanism to explain how cotton dust attacked the 
lung. He regretted that Mr. Smith had limited the 
scope of his discourse to factories, since the principles 
he enunciated were plainly relevant to other dust 
problems, such as atmospheric pollution. Dr. Wright 
and Dr. Heppleston explained that the difference 
between the mechanisms they had described was only 
apparent, and was due to the fact that the latter had 
dealt with phenomena in the depths of the lung, 


whereas the former had not so limited himself. pr, 
Schilling said that he had not given the explanation 
requested, because none is known. Mr. Smith replied 
that the subject of dust is so vast that he had had 
to limit his examples to those of which he had had 
substantial first-hand experience. 

Mr. B. W. A. Crutchlow remarked that the slide of 
a carding engine showed an obsolete exhaust. Dr. 
Schilling agreed and said this showed the dusty 
nature of the work, but a much improved exhaust 
has been developed by the Shirley Institute, which, 
with the Factory Department, is paying particular 
attention to methods of dust control in card rooms, 


UTILIZATION AND EVALUATION OF GRASSLAND 


‘HE first session of Section M (Agriculture) at 
the meeting in Bristol of the British Association 
was devoted to a discussion of the utilization and 
evaluation of grassland. The session was opened by 
Mr. R. A. Hamilton, who said that increases in world 
population will call for increased output by agri- 
culture. As standards of living improve, there is a 
tendency for people to eat less tillage crops and more 
meat and dairy products. This will put an ever- 
increasing strain on the supply of basic food nutrients, 
because the efficiency of conversion of plant foods to 
animal products is low. With about two-thirds of 
the agricultural land of the world under grass, it is 
vital that there should be efficient utilization, 
especially as grass that is well managed can produce 
greater yields of nutrients for livestock than almost 
any other crop and the cost of grass nutrients is low. 
The energy of grass has been estimated to cost, under 
recent British conditions, £11—-14 per ton of utilized 
starch-equivalent, or £17 when preserved as silage 
and £20 as hay. By the same estimate, grazed kale 
costs £17, oats £28, artificially dried grass £40, and 
dairy cubes £54 per ton of starch-equivalent. 
Where a variety of stock is consuming the grass 
and where other foods are sometimes given, it is 
difficult to measure the output of the grassland. The 
food requirements of the stock may, however, be 
estimated on the basis of their size and production 
together with the value of any other foods, and the 
contribution of the grass may then be determined 
by difference. This method has many shortcomings, 
but for comparative purposes is one of the most 
useful at present available, and by its means a 
working party of the Organization for European 
Economic Co-operation recently estimated that the 
yield of starch-equivalent per acre from grassland 
in various European countries was: Netherlands, 
26-2 cewt.; Denmark, 22-3 cwt.; Belgium, 20-0 cwt. ; 
Norway, 19-0 cwt.; West Germany, 17-2 cwt.; Great 
Britain, 16-7 ewt.; and France, 11-1 ecwt. The low 
value for Great Britain may be partly due to an over- 
estimate of the value of the large amounts of con- 
centrates used. Surveys show that, with good 
management, yields of 30 or even 40 cwt. can be 
obtained in Britain; few arable crops will produce 
values of this order. It has, however, been estimated 
that even in New Zealand, with its ideal climate and 
highly specialized giassland dairy industry, utilization 
of grassland is still only 50 per cent of the potential. 
Maximum utilization will be achieved with a careful 
system of management which includes the longest 
possible grazing season and an efficient system of 


storing all grass produced in excess of immediate 
requirements. This was illustrated diagrammatically 
by Mr. Hamilton from the management followed in 
fat-lamb production in New Zealand. By this system, 
400-600 lb. of meat is produced annually per acre. 
In New Zealand the fit between production and the 
requirements of dairy cattle is less close than for fat 
lambs, but grass in some form nevertheless provides 
for the full needs of most dairy herds. In con. 
sequence, New Zealand can provide lamb and butter 
at lower costs than any other country in the world. 

In Britain the liquid milk market requires a more 
even spread of milk production through the year, 
yet the grazing season is considerably shorter than in 
New Zealand. Mr. Hamilton accordingly stressed the 
need to lengthen the grazing season and to secure 
efficient grass storage for winter feeding. Methods of 
grass conservation are, therefore, of very great 
importance in the British economy. With any of 
the recognized methods there will be losses of 
nutrients, and it has been estimated that average 
losses of starch-equivalent are of the following order: 
artificially dried grass, 5 per cent; silage, 22-35 per 
cent ; hay, 40-45 per cent. These all depend some- 
what on the method employed and the efficiency with 
which it is applied; clearly at times the losses may 
be much higher. At present, hay and silage account 
for more than 95 per cent of all grass conserved in 
Britain and, of this fraction, 90 per cent is still in the 
form of hay. Silage-making is more suited to the 
British climate than hay-making, and Mr. Hamilton 
was of the opinion that we should be making li 
million tons of silage instead of the 24 million tons 
being made at present. 

Before a completely efficient system of grassland 
utilization can be achieved, Mr. Hamilton concluded, 
there are many problems that have to be overcome. 
Perhaps among the most important of these are the 
increased incidence of hypomagnesemia, bloat, in- 
fertility, various allergies and parasitism that has 
followed more intensive methods. Unless these 
problems are solved, it will not be possible for gras 
to play its potentially important part in lowering the 
cost of production of ruminant products. 

The question, raised by Mr. Hamilton, of the 
difficulty of measurement of the output of pastures 
has recently received considerable attention. Three 
types of approach have now been tried, each with 
some success; they are based either on a measure 
ment of the amount of grass removed from the field, 
the amount consumed by the cow, or of the production 
of the cow. Mr. C. Line (National Institute for 
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Research in Dairying, Shinfield) talked about these 
techniques and described an experiment that has 
recently been carried out over three seasons at 
Shinfield. A field was divided into twenty-four 

docks, each 20 yd. wide and 100 yd. long, and 
each paddock was sown down to a ley consisting of 
either perennial ryegrass, or meadow fescue or cocks- 
foot, each with white clover. During the experiment 
one milking cow was allocated to each paddock, 
twelve paddocks being tested at any one time. Ample 
grazing was allowed by strip-grazing with an electric 
fence; they received no other food. The primary 
object of this experiment was to develop a satis- 
factory technique for measuring the output of leys 
with the milking cow,-and, with limitations, this was 
achieved. Under the particular conditions at Shin- 
field, the meadow fescue ley proved superior to those 
with ryegrass or cocksfoot, probably due to a higher 
clover content and to superior palatability. Although 
this result cannot be taken as generally applicable, it 
is interesting to find that similar comparative values 
were obtained when the results were expressed as 
grazing days obtained or milk yield per acre. Mr. 
Line felt that, because of its simplicity, measurement 
in grazing days per acre has the greater application 
for experiments of this type. 

In view of Mr. Hamilton’s insistence on the need 
for increased silage production, it was logical to con- 
clude the morning with a consideration of the 
nutritive value of silage. In dealing with this ques- 
tion, Dr. C. C. Balch (Shinfield) emphasized that, of 
the 24 million tons of silage now made annually in 
Britain, a considerable proportion is given to cattle 
and that to a large extent its value to the farmer is 
measured by its use for milk production and the part 
it can play in dairy farming systems. Good silage 
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can be made only from good herbage, but good 
herbage can be satisfactorily ensiled by a variety of 
methods. With all methods of ensiling there will be 
losses of nutrients due to fermentation and seepage 
of substances in solution. Together these may 
“rere to 40 per cent of the dry matter. Methods 

ing preservatives such as sodium metabisulphite 
will Pr reduce the losses due to fermentation, and wilting 
of the crop before ensiling will reduce both losses. 
In a pilot experiment at Shinfield, the loss of 
carbohydrate was approximately halved by the 
use of metabisulphite ; but unfortunately wilting and 
the metabisulphite method do not appear to be 
always compatible. 

Provided the method of ensiling is efficient and 
does not lead to the development of high tempera- 
tures, the digestibility of the finished silage will not 
differ very markedly from that of the crop; any 
changes are usually towards a lowered digestibility 
resulting from the loss of readily soluble constituents. 
Excessive heating lowers the digestibility of the pro- 
tein. Thus silages of similar nutritive value can be 
made by different methods, and the choice of method 
depends largely on how it fits in with the equipment 
and management used on a particular farm. Among 
advisory workers there is an urgent need for a simple 
means of relating the nutritive value of silage to its 
gross chemical composition. The evidence available 
at present suggests that the crude tibre content 
may prove to be a satisfactory guide for practical 
purposes. 

The impression given by the speakers, and con- 
firmed in the short discussion, was that the efficiency of 
utilization of grassland could be improved by manage- 
ment changes giving a prolonged grazing period and 
the making of increased amounts of good silage. 


ATOMIC ENERGY 


By Dr. L. F. LAMERTON 
Physics Department, Institute of Cancer Research, Royal Cancer Hospital, London, S.W.3 


HE sessions of the Geneva Conference on the 

Peaceful Uses of Atomic Energy devoted to 
applications in biology and medicine were of a rather 
different nature from the others. In the first place, 
the field was wider, covering a large number of 
specialities, and secondly, since relatively little 
material in the subject had been classified, there 
could be none of the disclosures of information which 
added so much to the significance of the other 
sessions. The success of the biological and medical 
side of the Conference had therefore to be judged by 
the extent to which a real understanding could be 
established between the workers attending from the 
various parts of the world. That this was achieved 
reflects great credit on the various governments and 
individual delegates, not only for the quality of the 
material presented, but also because there was no 
attempt to make political issues out of any of the 
subjects under discussion. 

For the sessions assigned to biology and medicine, 
nearly three hundred papers were submitted by 
twenty-four governments. About a hundred and 
fifty of these papers were submitted by the United 
States of America, covering a very wide range of 


topics, and including both reviews and reports of - 
special investigations. The United Kingdom sub- 
mitted twenty-one papers, the majority being in the 
nature of reviews. The U.S.S.R. submitted eighteen 
papers, mainly reviews of work carried out by Soviet 
investigators, and therefore of special interest to 
Western workers, for whom coverage of Soviet 
scientific journals is generally very incomplete. 

In the time allotted it was possible to plan for oral 
presentation only about one-third of the papers sub- 
mitted (101 papers from nineteen countries and three 
specialized agencies of the United Nations), and even 
so the length of time allowed for presentation and for 
discussion was much less than ideal for a scientific 
meeting. 

The main subject headings were as follows: 
‘Radioactive Isotopes and Nuclear Radiations in 
Medicine” (therapy, one session; diagnosis and 
studies of disease, two sessions); ‘‘Biological Effects 
of Radiation” (modes of radiation injury and radiation 
hazards, one session; mechanisms of radiation 
injury, protection and recovery, one session ; genetic 
effects—human implications, half session) ; ‘“Radio- 


.active Isotopes and Ionizing Radiations in Agri- 
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culture’ (radiation-induced genetic changes and 
crop improvement, half session; tracer studies in 
agriculture, one session); ‘Radioactive Isotopes in 
Physiology and Biochemistry” (animal physiology 
and plant biochemistry, one session; general bio- 
chemistry, one session); “Safety Standards and 
Health Aspects of Large-scale Use of Atomic Energy”’ 
(radiation safety recommendations and _ control, 
hazards related to uranium mining, one session ; 
hazards related to reactions and chemical processing, 
ecological problems related to reaction operation, 
one session). 

In addition to these sessions, biological and medical 
subjects were included in the plenary sessions of the 
Conference, and certain of the evening lectures were 
devoted to biological topics. 


In a short review it is clearly not possible to sum- 
marize each of the sessions, but only to give general 
impressions. One of the strongest impressions was of 
the progress being made in agriculture by radioactive 
tracer studies. Some very interesting contributions 
came from the U.S.S.R., where there has been a large 
effort put into the study of the efficiency of fertilizers, 
as well as into more basic problems of translocation 
of materials in plants. The work reported indicated 
real practical advantage gained from these studies, 
and corresponded well with work reported from the 
United States, the United Kingdom and other 
countries. This certainly represents a field of study 
where international collaboration can develop, with 
considerable mutual advantage. Much effort has 
also been put into studies of the method of crop 
improvement by the use of radiation-induced genetic 
changes, as shown in reports from Sweden, Norway 
and the United States of America. 

In the session devoted to the therapeutic use of 
radioactive materials and nuclear energy, a number 
of different aspects of the subject were discussed ; 
but progress was not so obvious as, for example, in 
the papers dealing with agricultural applications. 
Radioactive isotopes have now an established place 
in radiotherapy, and the large number of reports sub- 
mitted showed that they are being used in an in- 
creasing number of centres throughout the world ; 
but any spectacular advance must depend on finding 
means for a high degree of localization of the isotope 
in the desired tissue. Papers from Switzerland and 
France described recent clinical experience with 
particulate radioactive materials which permit, in 
certain sites and with certain limitations, a local- 
ization of irradiation. Except for radioactive iodine 
in the thyroid gland the problem of a high degree 
of localization by metabolic processes remains 
unsolved, although a paper from the United States, 
reporting some preliminary studies on the labelling 
of antibodies, indicated a possible approach. Another 
paper from the United States was read on preliminary 
clinical experience with brain tumours using neutron- 
capture therapy, a technique that may prove to have 
more general technical applications. 

The fundamental advances that radioactive iso- 
topes have made possible in biochemistry and 
physiology were described in the sessions dealing 
with diagnosis and studies of disease as well as in 
the more specialized sessions concerned with general 
physiology and biochemistry. Many topics were 
discussed. From the direct clinical point of view 
there was much interest in the work reported from 
the United States on the use of radioactive iron in 
the study of various types of anemia, and also in the 
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United Kingdom’s contributions on absorption 
studies of vitamin B,, labelled with radioactive 
cobalt. From India there was a report on autoradio. 
graphic methods being used to study the action of 
certain drugs in leprosy treatment. 

The mechanism of photosynthesis was the subject 
of papers from both the U.S.8S.R. and the United 
States of America, and nucleic acid studies from the 
United States of America and the United Kingdom, 
Papers from the United States and from Brazil dealt 
with the application of radioactive materials in public 
health problems. Much important information has 
already been gained on the habits of insect popula. 
tions, such as range of flight, and the discussion follow. 
ing these papers demonstrated the wide application 
that these techniques could have in the future. 

A number of countries contributed papers to the 
subject of the effects of radiation and radiation 
hazards. The Soviet workers put a great deal of 
emphasis on the neurological changes produced by 
radiation. They regard these changes as being among 
the most sensitive primary effects of radiation, and 
have considered them in setting up their radiation 
protection regulations. Difficulties of language, in 
spite of a very adequate simultaneous translation 
service, prevented a full discussion on some of these 
matters during the meeting, but informal contacts 
were made which it is hoped will continue. 

In spite of some apparent difference in approach, 
it was encouraging to find that the maximum per- 
missible dose recommendations of the U.S.S.R. are 
similar to those set out by the International Vom. 
mittee on Radiological Protection. The main differ. 
ence was the length of time over which the exposure 
can be integrated. Whereas the International Com. 
mittee recommends 0-3 rem per week as the maximum 
permissible dose, the U.S.S.R. take a value of 0-05 
rem per day. Although there are other differences in 
the approach of the U.S.S.R. and the International 
Committee on Radiological Protection on the pro- 
tection of radiological workers, the general basis is 
remarkably similar. 

Two papers were read, in the plenary sessions, 
concerned directly with the effects on humans of 
large over-exposure arising in reactor accidents. 
From the United States a report was given on four 
exposed workers, the greatest dose received being 
about 190 r., mainly gamma radiation, and from the 
U.S.S.R., where two workers were reported to have 
received 300 r. and 450 r., respectively. Very full 
clinical reports were presented. None of the accidents 
proved fatal, though the U.S.S.R. workers became 
seriously ill. The number of cases of known human 
exposure to radiation, without other forms of injury, 
and with adequate clinical data, is so small that 
reports of such cases are of extreme value. 

It was natural that there should be a great deal 
of interest in the problems of the genetic effects of 
radiation. On this subject three papers were read, 
two from the United States and one from the United 
Kingdom. In spite of large programmes of work 
on experimental radiation-induced mutations, the 
paucity of knowledge, so far as population genetics 
and in particular human population genetics is con- 
cerned, is very evident. There is need for a wider 
field of research, and one that will include studies of 
the genetics of human populations in various local- 
ities where the natural radiation background is 
abnormal. This again is an international problem, 
where co-operation through one of the international 
agencies could be of the greatest value. 
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In the sessions devoted to the health aspects of the 
large-scale use of atomic energy, it was demonstrated 
that in atomic energy installations the plant per- 
sonnel need suffer no serious exposure to radiation. 
In normal operating conditions exposure can be 
kept down to a small fraction of the maximum 
permissible limit, and even in the case of reactor 
accidents exposure can normally be adequately 
controlled. 

A problem of greater concern is that of the possible 
spread of radioactive materials over wide regions, so 
that large populations might be subjected to risk. 
The problem is not yet of a magnitude to constitute 
a serious hazard; but it is important that there be 
available as soon as possible basic data on the uptake 
of various radioactive substances in plant, fish and 
animal forms. Over the past few years much informa- 
tion has been obtained in the United States, but not 
all has been readily available. It was, however, 
presented in a series of papers in the last session of 
the biological and medical meetings, which will 
provide most valuable reference material. 


No. 4486 


OBITUARY 
Prof. Wilfred Smith 


Wirrep Sir, John Rankin professor of geo- 
graphy in the University of Liverpool, died suddenly 
while preparing to attend a university function on 
September 27 at the age of fifty-two. Prof. Smith 
had been closely associated with the University of 
Liverpool all his life. He entered as an undergraduate 
and remained as a postgraduate research worker, 
lecturer, senior lecturer, professor of geography, and 
since 1953 Dean of the Faculty of Arts. 

Wilfred Smith belonged to that distinguished band 
of students that gathered around the late Prof. P. M. 
Roxby, the first holder of the John Rankin chair at 
Liverpool. The impress of the great teacher was 
clearly seen in everything Smith wrote about and 
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lectured upon. He began his life-long interest in the- 
location of industry with an important study of the: 
iron and coal resources of China—a country in which 
Roxby had developed a special interest. In later’ 
years, and more particularly in view of the disturbed 
conditions in the Far East, Prof. Smith concentrated 
his attention on the homeland, and in 1949 there 
appeared the standard work on the location of 
industry in Britain under the title of ““The Economic 
Geography of Great Britain”. This work well illus- 
trates the author’s technique. It shows him to be a 
meticulous and painstaking worker with a passion 
for fact and, particularly, for pattern in fact. His 
references were always abundant and exact, and his 
writing precise and direct. This work makes, in fact, 
a new approach to economic geography in the Roxby 
tradition—the industrial landscape seen as an expres- 
sion of historical as well as of physical factors. 

in later years Prof. Smith directed the attention 
of his students more and more towards the economic 
geography of Merseyside, and the visit of the British 
Association to Liverpool in 1953 provided the 
opportunity for the publication of ‘‘A Scientific Study 
of Merseyside’’, edited by Prof. Smith and to which 
he himself made a most valuable contribution. 

He was one of those modest men who gave prac- 
tically all his time to academic work; he seldom 
rested. When not engaged in research, he was busy 
as an administrator, or actively engaged in teaching. 
At the time of his death he was president of the 
Institute of British Geographers, which now includes 
within its membership practically all teachers of 
geography in the British universities. In spite of 
physical handicaps he succeeded in travelling widely, 
particularly in western and southern Europe. He 
will be greatly missed by his professional colleagues 
in every university, for he never spared himself in 
furthering the interests of his subject; and in par- 
ticular by his own university, to which he was deeply 
devoted and to which he had given a lifetime’s 
distinguished service in so many capacities. 

E. G. BowEn 


NEWS and VIEWS 


Embryology at the Carnegie Institution of Wash- 


ington : Dr. G. W. Corner, For.Mem.R.S. 


Dr. GEORGE W. Corner will retire on January 1 
from his post as director of the Department of Embry- 
ology of the Carnegie Institution of Washington 
and will be succeeded by Prof. J. D. Ebert, professor 
of zoology in Indiana University, Bloomington, 
Indiana. Dr. Corner was elected this year a foreign 
member of the Royal Society, and a note was pub- 
lished then on his work and activities (Nature, 
May 14, p. 838). 

Prof. J. D. Ebert 


Pror. James D. Esrrt, who is not yet thirty- 
four, graduated in 1942 from Washington and 
Jefferson College, Washington, Penn., and then spent 
nearly four years on active duty as an officer in the 
United States Naval Reserve. During 1949-50 he 
held an Adam T. Bruce fellowship in biology at 
Johns Hopkins University, gaining his Ph.D. degree, 
then spent a year as an instructor in biology at the 
Massachusetts Institute of Technology, and in 1951 
joined the Department of Zoology of Indiana 


University, to set up a programme of research and 
advanced teaching in experimental embryology. 
Prof. Ebert’s research work has been directed toward 
an understanding of the mechanism of synthesis and 
interaction of tissue-specific proteins in development. 
He has employed the techniques of immunochemistry 
to throw light on the processes involved in the 
formation and localization of the contractile proteins, 
actin and myosin, in the developing heart, and 
recently he has made an analysis of the metabolism 
of the heart-forming regions of the early embryo, 
paying special attention to the mitochondria and 
their role in fibrogenesis. Since 1952 he has com- 
bined the classical methods of experimental embryo- 
logy—transplantation, organ culture, etc.—with 
radiobiological techniques in an investigation of the 
growth-regulating mechanisms of the chick embryo, 
and these experiments suggest that, at the outset, 
growing organs can utilize specific macromolecules 
almost intact without breaking them down into 
simpler building blocks. The Department of Embry- 
ology of the Carnegie Institution of Washington is 
situated in Baltimore, Maryland, and is well known 
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for its investigations of the morphology of the human 
embryo and the comparative physiology of the 
reproductive system, the morphological research 
being centred on the Department’s superb collection 
of human embryos. Under Prof. Ebert’s leadership 
it is expected that workers in the Department will 
pay increasing attention to the study of the basic 
mechanisms of differentiation, growth and morpho- 
genesis of the early embryo, using the technical 
advances in such fields as immunochemistry, protein 
physical chemistry and virology to link up our know- 
ledge of reactions at the cell group and tissue level 
with the reactions of specific molecules. 


Hunsaker Chair of Aeronautical Engineering at 
the Massachusetts Institute of Technology: 
Prof. W. R. Hawthorne 


Pror. W. R. HawtHorne, Hopkinson and Imperial 
Chemical Industries, Ltd., professor of applied 
thermodynamics in the Department of Engineering, 
University of Cambridge, is at present on leave of 
absence at the Massachusetts Institute of Technology 
and has been appointed for the current academic 
year to a new chair at the Institute, the Jerome 
Clarke Hunsaker chair of aeronautical engineering. 
Prof. Hawthorne’s principal interests are in the fields 
of aircraft propulsion and advanced fluid mechanics, 
and at the Institute he will divide his lecturing 
between the Departments of Mechanical and Aero- 
nautical Engineering. During his tenure he will 
deliver the Minta Martin Aeronautical Lecture. The 
Hunsaker chair was established last year in honour 
of Prof. J. C. Hunsaker, founder and for many years 
head of the Aeronautical Engineering Department at 
the Institute and a leading figure in American 
aviation. He retired in 1952 but is still closely 
associated with the Institute. The founding of the 
chair has been largely due to Major Lester D. 
Gardner, of New York, an alumnus of the Institute 
and one of the founders of the Institute of the 
Aeronautical Sciences; more than 360,000 dollars 
has been raised, and it is hoped to increase this 
eventually to 500,000 dollars. 


L. G. Groves Memorial Prizes and Award of the 

Air Ministry 

Two L. G. Groves Memorial Prizes and an Award 
are made annually by the Air Ministry from a fund 
established in 1946 by Major and Mrs. Keith Groves 
in memory of their son, Sergeant Louis Grimble 
Groves, R.A.F.V.R., a meteorological observer who 
lost his life on a weather flight in 1945. The recipients 
this year are as follows: Prize for Aircraft Safety, to 
Squadron-Leader J. Harvey (technical staff, Head- 
quarters, Fighter Command) for designing an altera- 
tion to the fuel system of the Meteor night-fighter, 
which provides the aircraft with automatic operation 
of the fuel system from all tanks, in place of the 
original arrangement of individual tank selection by 
the pilot, and thereby greatly enhances its safety ; 
Prize for Meteorology, to Dr. F. J. Scrase (principal 
scientific officer and leader of the Instrument 
Development Division of the Meteorological Office) 
for his research on turbulence in the upper atmo- 
sphere and theoretical investigation of the errors, due 
to radiation and lag, of radiosondes, studies which 
are closely related to practical problems of aviation 
and air navigation, and also for his work as president 
of a sub-commission of the World Meteorological 
Organization responsible for the new “Guide to Inter- 
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national Meteorological Instrument Practice” ; Award 
for Meteorological Observers, to Flight-Lieutenant J. 
Formby (of Short Bros. and Harland, Ltd.), for his 
work since September 1952 in carrying out meteor. 
ological ascents under contract with the Air Ministry 
amounting to more than 450 flights in Spitfire aircraf, 
from the R.A.F. Station, Woodvale, Lancs, and 
involving exceptional ability both as a pilot and as 
a meteorological observer. 


Central Advisory Water Committee 


Meetines of the Central Advisory Water Com. 
mittee, appointed by the Minister of Housing and 
Local Government, are being resumed, and the first 
will be held on October 31. The Minister, Mr. Duncan 
Sandys, is chairman of the Committee, and the vice. 
chairman is the Parliamentary Secretary, Mr, 
William Deedes. The Committee was first set up in 
1946, under the Water Act, 1945, and has issued g 
series of reports on river pollution, water softening, 
gathering grounds and land drainage. Its sittings 
were suspended in 1952, and its revival has neces. 
sitated the appointment of new members, the terms 
of appointment of the previous members having 
lapsed. The members are: Sir David Brunt, secre. 
tary and vice-president, Royal Society ; Mr. John 
Cockram, chairman, Water Companies Association ; 
Lieut.-Col. J. Godman, chairman, Severn River 
Board ; Coun. A. Gorman, chairman, Metropolitan 
Water Board ; Sir Arthur Heneage, president, River 
Board Association and chairman of the Lincolnshire 
Branch, Country Landowners Association ; Dr. N.R. 
Hood, director, British Paper and Board Industry 
Research Association ; Mr. H. E. Hopthrow, assistant 
secretary, Imperial Chemical Industries, Ltd. ; Sir 
Reginald Kerr, chairman and general manager, 
British Transport Waterways ; Prof. W. B. R. King, 
sometime professor of geology, University of Can- 
bridge ; Mr. W. C. Knill, vice-president, Association 
of Waterworks Officers; Mr. C. E. Lucette, manager 
and secretary, Manchester Ship Canal Co.; Mr. 
A. G. MeLellan, engineer and general manager, 
Sunderland and South Shields Water Co.; Canon 
W. Marsden, chairman, Public Health Committee. 
Rural District Councils Association ; Mr. G. 8S. Mason, 
chairman, Pollution Prevention Committee, River 
Boards Association; Mr. W. A. Muddell, chairman, 
Trent River Board; Prof. J. Proudman, sometime 
professor of oceanography, University of Liverpool; 
Lord De Ramsay, president, Association of Drainage 
Authorities ; Mr. J. H. T. Stilgoe, engineer, Liverpool 
Water Undertaking; Mr. A. Titherley, director, 
Mid-Kent Water Co.; Ald. J. R. Wardell, past 
president, British Waterworks Association; Mrs. 
Charles Williams, chairman, Public Health Com- 
mittee, Cornwall County Council; Mr. Harold 
Woolley, vice-president, National Farmers Union; 
Ald. R. C. Yates, president, British Waterworks 
Association ; Secretary, Miss M. E. Petzsche, Ministry 
of Housing and Local Government; Assistant 
Secretary, Mr. G. D. Vaughan, Ministry of Housing 
and Local Government. 
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Photobiology Group : Inaugural Meeting 


THE inaugural meeting of the Photobiology Group 
was held in Bedford College, London, on October 3, 


and about seventy members participated. A series 
of review papers was presented on different aspects 
of the biological action of light. Dr. E. J. Bowen 
(Oxford) opened the meeting with an account of work 
on triplet states in excited molecules, in which he 
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demonstrated some colourful experiments showing 
fluorescence and phosphorescence in solids, and 
energy transfer in solid mixtures; the possible 
importance of such phenomena in biology was dis- 
cussed. Dr. R. Hill (Cambridge) followed with an 
account of recent work on photosynthesis. He 

inted out the sequence of biochemical processes in 
the breakdown and synthesis of carbohydrates, 
involving phosphorylated intermediates and adenosine 
triphosphate. His comparison of the structure and 
properties of chloroplasts and mitochondria led to 
interesting discussion of the possible influence of 
physical structure on the chemical processes which 
these regulate. During the afternoon session Dr. 
W. A. H. Rushton (Cambridge) gave a stimulating 
review of recent physiological work on visual pig- 
ments, including a recorded demonstration of the 
electrical response from the optic nerve of a frog on 
change of illumination, in contrast to the absence of 
signal during steady illumination. In the final paper, 
Mr. J. S. Preston (National Physical Laboratory, 
Teddington) gave an account of methods used for 
the absolute standardization of light meters. At the 
conclusion of the papers, a business meeting was held 
at which it was decided to establish the Photobiology 
Group on a permanent basis; to hold two meetings 
of this kind a year; and to affiliate with the Comité 
International de Photobiologie. Further information 
about future activities can be obtained from Dr. 
E. M. F. Roe, Chester Beatty Research Institute, 
Fulham Road, London, S.W.3. 
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The Woodhull Lecture at the Royal Institution 


Tre late Miss Z. M. Woodhull, of Norton Park, 
near Tewkesbury, who was a life-member of the 
Royal Institution, Albemarle Street, London, gave 
practical form to her interest in the improvement of 
racial qualities in future generations and her attach- 
ment to the Royal Institution by making a bequest 
to be used by the Institution for the furtherance of 
the study of eugenics. The managers of the Royal 
Institution, as a first step in carrying out Miss 
Woodhull’s wishes, have, after consultation with the 
trustees of her estate, arranged for lectures to be 
given from time to time on aspects of eugenics. The 
first Woodhull Lecture will be delivered at the Royal 
Institution at 6 p.m. on October 27 by Prof. J. B. 8. 
Haldane, on “‘The Prospects for Eugenics’. He will 
discuss how the earlier eugenists were over-hopeful 
as to the possibilities of rapid racial improvement ; 
that the fact of mutation makes the permanent 
‘purification’ of a race impossible with our existing 
knowledge; how a large reduction in congenital 
abnormalities may eventually be achieved ; and the 
impact of atomic nuclear reactions upon the study 
of genetics. 


Recent Gifts to the University of Oxford 


THe University of Oxford has announced the 
receipt of gifts and grants amounting to £100,000 for 


a wide variety of purposes. The largest is £52,000 
from the Rockefeller Foundation towards the cost of 
providing research laboratory facilities and equip- 
ment for the use of the regius professor of medicine 
at the Radcliffe Infirmary. Arthur Guinness, Son 
and Co., Ltd., is increasing to £4,000 a year the sum 
of £2,500 a year for seven years which they previously 
covenanted to pay for the three research fellowships 
in microbiological chemistry in the Department of 
Biochemistry. Other sums include 2,000 dollars from 
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the National Council to Combat Blindness, Inc., 
towards the purchase of apparatus for research at 
the Nuffield Laboratory of Ophthalmology ; 10,000 
dollars from the International Bank for Reconstruc- 
tion and Development for a survey of British experi- 
ence in the management of capital investment 
overseas, which is to be carried out at Nuffield 
College ; £4,850 from the Nuffield Foundation for 
research work in the Department of Human Anatomy ; 
£700 a year for seven years from Major H. W. Hall 
to make possible the purchase of an optical spectro- 
graph for use in the research laboratory for archeology 
and the history of art; and £1,000 a year for seven 
years from the British Oxygen Co., Ltd., for the 
continuation of low-temperature research in the 
Clarendon Laboratory. 


Preservation of the Sheld-Duck in Germany 


In the annual report for 1954 of the International 
Committee for Bird Preservation (pp. 66; from the 
British Museum (Natural History), 1955; 2s. 6d. net) 
a noteworthy example is given of the help afforded 
to bird-lovers by one of the Armed Services. When 
Heligoland was given up as a bombing range by the 
Royal Air Force in 1951, it was agreed with the 
Government of the German Federal Republic that 
the range should be transferred to the Grosse Knecht- 
sand in the mouth of the Elbe. As a result, large 
numbers of sheld-duck were being destroyed, and 
there was a real possibility that the species would be 
exterminated. The matter was referred to the 
Secretary of State for Air, who was informed that 
the sheld-duck use the sand-banks of Grosse Knecht- 
sand during their moulting season in July and 
August ; the duck are flightless during this season, 
which is thus the season of danger. Almost immedi- 
ately the Secretary of State announced that “new 
arrangements will be made for the use of the range 
during the next moulting season. Only practice 
bombs will be dropped containing only a small charge 
to set off a smoke marker, which wil! mean that 
there will be no blast effect. The Royal Air Force 
will co-operate with ornithologists under arrange- 
ments to be made with the British Section of the 
International Committee, to inspect the range before 
and after bombing has taken place to establish its 
effect on the Sheld-Duck. By these measures there is 
every hope that in the future the species will be able 
to moult without being seriously molested”. 


Protection from Radioactive Isotopes 


THe increased applications of radium sources and 
the change in the maximum permissible dose have 
necessitated a revision of the radium protection code 
given in Handbook 23 of the United States National 
Bureau of Standards. Furthermore, the nuclear 
reactor has made available other high-energy, 
relatively long-lived, gamma-ray emitters—for ex- 
ample, cobalt-60 and cesium-137, which are now 
coming into general use. The National Committee 
on Radiation has accordingly issued Handbook 54, 
“Protection against Radiations from Radium, 
Cobalt-60, and Cesium-137”, prepared by Sub- 
committee 9, which supersedes the previous Hand- 
book, The general principles outlined, though 
referring specifically to the three sources, are also 
applicable to other gamma-ray emitters and should 
prove useful as a preliminary guide until these other 
emitters are given separate treatment. Industrial 
applications are not considered ; the medical appli- 
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cations discussed cover interstitial, intracavitary and 
surface treatments, and teletherapy (that is, thera- 
peutic irradiation with collimated gamma-rays) ; and 
in the non-medical applications, specific consideration 
is given to the uses of sources in instrument calibra- 
tion, research and civil defence exercises. Radiation 
hazards can be significantly reduced by the proper 
use of suitable facilities, and details of appropriate 
equipment for the safe handling, storage and trans- 
portation of the radioactive materials are given to- 
gether with emergency measures to be taken when 
accidents such as spilling occur. The disposal of 
radioactive materials is not dealt with. The Hand- 
book concludes with several tables and graphs giving 
data from which a worker can calculate, to suit his 
particular purpose, the correct arrangement and 
barrier thicknesses of concrete, iron or lead for any 
one of the three sources. 


Courtaulds’ Scientific and Educational Trust Fund: 
Postgraduate Research Scholarships for 1955 


Tue Courtaulds’ Scientific and Educational; Trust 
Fund has recently announced the award of post- 
graduate research scholarships for 1955. Scholar- 
ships in a branch of science related to the textile, 
plastics and allied industries (maximum of £400 
for one year only, but renewable for further periods) 
have been awarded to the following: J. D. Coombes, 
University of Nottingham; J. H. N. Hill, The 
Queen’s University, Belfast (renewal); G. Holden, 
University of Manchester; G. R. Kotten-Kaye, 
Royal College of Science, Imperial College of Science 
and Technology, London (renewal); F. Nyman, 
University of Cambridge; J. H. Oxley, University 
College, London (renewal) ; M. T. Pope, University 
of Oxford; P. R. Sewell, University of Birmingham 
(renewal) ; R. R. Sheldon, University of Liverpool ; 
and T. C. Stening, King’s College, London (renewal). 
Postgraduate research scholarships in textile tech- 
nology, tenable for two years (£320 the first year and 
£360 the second) have been awarded to the following : 
C. B. Chapman (third-year renewal), Miss M. M. 
Forrester, A. F. Greenwood (third-year renewal), 
D. R. Hardisty (third-year renewal), J. Hope, A. T. 
Peters and A. Selwood (second-year renewal). The 
holders of these latter scholarships have all chosen 
to do their research at the University of Leeds, 
except Mr. Hardisty, who will work at the Man- 
chester College of Technology. 


Mond Nickel Fellowships for 1955 


THE Mond Nickel fellowships for 1955 have been 
awarded to the following for study in the fields 
indicated: D. H. Butler (Phosphor Bronze Co., 
Ltd.), production of copper and its alloys, with 
particular attention to foundry methods, in Europe 
and in America; R. W. N. Dron (Rhoanglo Mine 
Services, Ltd.), organization of research and its 
relation to production in extraction metallurgy in 
the United Kingdom and North America; W. F. 
Duncan (British Aluminium Co., Ltd.), the design, 
layout and operation of continuous strip mills and, 
in particular, metal behaviour, properties and quality, 
roll lubrication and cooling, and the development of 
automatic controls; R. H. Hannaford (British Iron 
and Steel Research Association), organization and 
practice in the ferrous foundry industry in Europe 
and the United States, with particular reference to 
layout, mechanization and the application of manage- 
ment techniques; R. J. Harbord (John Lysaght’s 
Scunthorpe Steelworks, Ltd.), the development of 


continuous casting in the non-ferrous industry and 
its application to the production of steel. 


Institute of Metal Finishing : Officers 


Orricers of the Institute of Metal Finishing for 
the session 1955-56 are as follows: President, 
R. A. F. Hammond; Immediate Past President, 
Prof. J. W. Cuthbertson ; Vice-Presidents, Dr. S. G. 
Clarke, Dr. T. P. Hoar, Dr. L. B. Hunt, R. W. Nicol, 
H. Silman, A. Smart and A. W. Wallbank ; Honorary 
Treasurer, F. L. James; Honorary Secretary, Dr. §, 
Wernick. 


Announcements 

Mr. W. SrratH, at present serving as a Third 
Secretary in H.M. Treasury, has been appointed a 
full-time member of the Atomic Energy Authority, 
Sir Rowland Smith, chairman of the Ford Motor 
Co., and Mr. C. F. Kearton, a director of Courtaulds, 
Ltd., have been appointed part-time members. This 
brings the membership of the Authority up to the 
limit of ten, other than the chairman, laid down jn 
the Atomic Energy Authority Act, 1954. Mr. Strath 
will be largely concerned with the Authority's 
relations with industry, with overseas atomic energy 
organizations and with raw material procurement. 


A CONFERENCE on “Cloud Physics’, arranged 
jointly by the Physical Society and the Royal 
Meteorological Society and organized by Prof. P. A. 
Sheppard, will be held in the Department of Meteor. 
ology, Imperial College of Science and Technology, 
Exhibition Road, London, 8.W.7, during January 
4-5. A number of leading workers in this field have 
been invited from the United States, Australia and 
the Continent of Europe. Further information can 
be obtained from the Physical Society, 1 Lowther 
Gardens, Prince Consort Road, London, S&.W.7, 
marked for the attention of Miss E. Miles. 


THe Worshipful Company of Glass-Sellers of 
London is offering up to four scholarships in” glass 
technology, tenable at the University of Sheffield, 
which in suitable circumstances will be eligible for 
supplementation by the Ministry of Education up to 
the full value of State scholarships. The scholarships 
will be awarded by examination, for which candidates 
will take papers in chemistry, physics and pure 
mathematics (two as primary subjects and one as 4 
secondary subject) together with an English language 
paper. Entry forms (to be completed by January 16) 
and further information can be obtained from the 
Registrar, University, Sheffield 10 ; the examination 
will begin at the University on April 9. 


THe National Science Foundation, Washington, 
D.C., has appointed the following three programme 
directors: Dr. Helen 8. Hogg, on leave of absence 
from the University of Toronto and the David 
Dunlap Observatory, to be programme director for 
astronomy in the Division of Mathematical, Physical 
and Engineering Sciences; Dr. Vernon Bryson, 
until recently a geneticist at the Long Island Bio- 
logical Association, Cold Spring Harbor, New York, 
to be programme director for genetic and develop- 
mental biology in the Division of Biological and 
Medical Sciences ; and Prof. Rogers McVaugh, on leave 
of absence from the University of Michigan, where 
he is curator of phanerogams in the University 
Herbarium and professor of botany, to be programme 
director for systematic biology in the Division of 
Biological and Medical Sciences. 
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FLAMES AND 


URING recent years the approach to combustion 
research has undergone a marked change from 
the domain of chemistry towards that of the physical 
sciences. This swing has been closely associated with 
the changing aspect of engineering requirements. 
The upper limit of performance of the internal com- 
bustion engine is largely set by the maximum com- 
pression ratio that can be employed without the 
onset of knock. Accordingly, much of the research 
was directed towards a better understanding of 
oxidation reactions in stationary systems—an essen- 
tially chemical problem. The advent of various types 
of jet and rocket engines, however, has emphasized 
the importance of heat and mass transfer in reacting 
flow systems, of the fundamental mechanism of flame 
propagation, and of the stability and structure of 
flame fronts. It therefore seems appropriate that, at 
the meeting in Bristol this year of the British Associa- 
tion, a series of papers on flames and combustion was 
included in the programme of Section A (Physics). 

Dr. S. Whitehead acted as chairman of the session. 
The four contributions were divided equally between 
academic and applied research. 

In general, flames can be subdivided into those 
which occur in the interface of the fuel and oxidant 
(diffusion flames), and those in which the flame front 
advances into a mixture of the reactants (premixed 
flames). In the latter case, the flame advances at a 
uniform velocity characteristic of the medium and 
can be stabilized on a burner by a suitable rate of 
counter-flow ; in the former, the rate of burning is in 
general controlled by the rate of mixing. According 
to the flow conditions, both types of flame can be 
either laminar or turbulent. 

The first speaker, Dr. A. G. Gaydon (Imperial 
College of Science and Technology, London), dealt 
with laminar flows in a paper entitled “‘The Structure 
of Flames’. The mainly physical techniques avail- 
able for the study of stabilized flames, such as 
measurements of temperature, spectra, ionization and 
others, are most effective when applied to flames of 
simple geometrical shape. During recent years much 
progress has been made in the design of special 
burners, and Dr. Gaydon gave a summary of the 
techniques now available for the stabilization of 
two-dimensional flame fronts both of the diffusion 
and of the premixed type. 

The processes of heat release in the flame can be 
studied by the measurement of temperature dis- 
tribution, by sampling and subsequent analyses, and 
by the study of emission and absorption spectra. 
The spectra, as well as indicating the presence of 
some short-lived chemical species, such as OH, C,, 
CH and HCO, also give information about the energy 
distribution, and Dr. Gaydon discussed studies of 
effective translational, rotational, vibrational and 
electronic excitation temperatures. These are often 
quite abnormal in reaction zones, and similar 
anomalies are indicated by ionization measurements. 
Dr. Gaydon concluded his remarks by a brief sum- 
mary of the main deductions from such measure- 
ments, with reference to the general structure of 
flames. 

The second speaker, Dr. F. J. Weinberg (Imperial 
College of Science and Technology, London), dis- 
cussed “The Study of Flames by Optical Means’’. 
It may perhaps seem rather incongruous that, 
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although combustion in one of its forms was prob- 
ably the first type of chemical reaction consciously 
put to use by man, the fundamental mechanism 
by which flame is propagated has still not been solved 
completely. The reason for this lies not only in 
the inherent complexity of the phenomena, but is 
also due, to a large extent, to the extreme con- 
ditions prevailing in combustion zones. Large tem- 
perature and composition changes occurring over 
extremely small intervals of space and time give rise 
to exceedingly large gradients of temperature and 
concentrations and to accelerations of the order of 
10* cm./sec.-*. Since extrapolation of available 
physical and chemical data to such extreme con- 
ditions is unreliable, it is desirable to confine all 
studies to actual flame in situ, and optical methods, 
that is methods based on refractive index changes 
attendant upon combustion, constitute a most 
powerful tool in such studies. 

After a brief outline of the underlying theory, Dr. 
Weinberg discussed the methods available and illus- 
trated their use by slides. The luminous zone of a 
flame is not necessarily the most important nor the 
most informative region, and flame records using 
extraneous light give a more relevant, and in some 
cases the only reliable, account of flame events. As 
occasion demands, an instantaneous record or an 
exposure of any extended duration can be produced 
by photographic means, and can be used for visual- 
ization or for exact measurements. Dr. Weinberg 
concluded by showing examples of a complete 
analysis of the relevant variables across a flame front, 
obtained by a mathematical analysis of the dis- 
tribution of deflexions produced by the flame from 
an initially parallel beam of light. 

The more practical aspects of turbulent flames 
were discussed by Dr. B. P. Mullins (National Gas 
Turbine Establishment) in a paper entitled ‘“‘Com- 
bustion and the Gas Turbine’’. Dr. Mullins stated 
that “. . . a new science, ‘Combustion’ has emerged 
in the past decade ...”. While it may perhaps 
seem a little premature to reject so much of the 
valuable earlier work, the new trend in approach, 
already referred to earlier in this article, has cer- 
tainly become manifest during this period. Dr. 
Mullins, who illustrated his lecture by many spec- 
tacular demonstrations, aimed at correlating turbine 
combustion-chamber performance with fuel properties 
and other fundamental factors. The dependence of 
such desirable requirements as high combustion 
efficiency and intensity, ease of ignition and wide 
range of stable burning, minimum fire risk and 
freedom from carbon formation, on fuel properties 
such as calorific value, limits of inflammability, flash 
point, viscosity and vapour pressure, is obviously 
manifold and complex. Dr. Mullins outlined much 
valuable work aiming at making such dependence 
of behaviour on initial variables understood and 
predictable. 

The last paper, by Prof. M. W. Thring and Dr. C. 
Hulse (University of Sheffield) and read by Dr. 
Hulse, dealt with “The Part played by Luminous 
Radiation in Furnace Heat Transfer”. Luminous 
radiation emanates largely from soot particles which 
are the product of incomplete combustion in large 
turbulent diffusion flames. The paper dealt with 
parts of the work carried out by the International 
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Flame Radiation Committee on experimental fur- 
naces at Ijmuiden in Holland and at Stockholm. 
Two types of trial are carried out. In ‘performance 
trials’ the effect of input variables on the distribution 
of emissivity is investigated by radiation pyrometry, 
while in ‘combustion mechanism trials’ probe methods 
are used to determine distributions of the more 
fundamental variables, such as suction pyrometer 
temperature, fraction of combustion, Pitot velocity 
and soot content. Such experiments provide much 
valuable information on furnace heat transfer, and 
general correlations are already emerging of the 
dependence of flame characteristics, such as flame 
length, temperatures and emissivities in various parts 
of the flame, on input variables such as nozzle design, 
atomizing agent, preheat temperatures and type and 
quantity of fuel. 

Subsequent discussion reflected the diversity of the 
topics raised by the original contributions which may 
perhaps have seemed a little bewildering to the 
uninitiated. Such diversity, however, enables the 
newcomer to the field to form a balanced impression 
of current trends in combustion research and often 
gives rise to valuable cross-fertilization of ideas 
among workers in the various branches of the 
subject. In fulfilling these aims, the meeting was 
thoroughly successful. F. J. WEINBERG 


ANIMAL MIGRATION 


ECTION D (Zoology) of the British Association 

held a symposium on “Migration’”’ in Bristol on 
September 2, with Mr. Peter Scott, vice-president of 
the Section, in the chair. A paper on “Recent Data 
on Movements of Desert Locust Swarms’’, by Dr. 
R. C. Rainey, Z. Waloff and H. Sayer, was read by 
Dr. Rainey. Recently some reasonably accurate 
estimates of the numbers of individuals in a locust 
swarm have been made by taking out samples 
obtained by spraying portions of the swarms with 
insecticides. A density of 70 locusts per square yard 
has been found, so that a swarm 8 square miles in 
area would contain some three thousand tons of 
locusts. These eat their own weight of food every 
day, and it is thus easy to understand how the recent 
invasion of Morocco has caused damage estimated 
at £44 million. 

Studies of orientation within the swarms have 
been made by taking photographs vertically upwards, 
coupled with pilot balloon observations of local wind 
conditions. It is found that individual locusts are 
orientated at random within.the swarm. But this 
does not mean that the individual’s flight is wholly 
independent of its neighbours’. The swarms show 
marked cohesion in turbulent air, and there is a 
strong ‘edge effect’ which causes locusts leaving the 
swarm to turn back into it. The movement of the 
swarm as a whole tends to be downwind, a conclusion 
agreeing with previous work in which ‘the recorded 
tracks of locust swarms were correlated with weather 
charts. This downwind movement of the swarms 
will in the course of time inevitably lead them to the 
‘zones of convergence’ where winds from different 
directions meet. The air in such zones must neces- 
sarily rise, leading to condensation, rain and moist 
ground conditions. The very lack of positive 
orientation of the swarm will thus ensure its arrival 
in an area which is suitable ecologically. The so- 
called ‘intertropical fronts’ are examples of such 
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zones. Occasionally there may be a carrying-over 
beyond the zone in the downwind drift, as occurred 
last October when desert locusts appeared at se vera] 
points in Britain. A film of locust swarms seen from 
the ground and the air was then shown. 

In the discussion, Dr. Rainey said that it seems 
that the locusts maintain contact with one another 
within the swarm by visual means. Their auditory 
sensitivity is insufficient for this purpose. The fact 
that a swarm was once picked up by a ship’s radar 
four hours after sunset cannot be cited as evidence 
for non-visual orientation, because the swarm was gs 
large that there would not have been sufficient time 
for it to have become dispersed. While there is 
possibility that the locusts appearing in England 
were brought by a ship, this is unlikely because of 
the simultaneous appearances at scattered points and 
the precise correlation with weather conditions. 
Large numbers of dead locusts were found at sea 
up to the latitude of Lisbon on the same day. It 
is impossible for locusts to keep flying actively for 
the thirty hours or so needed to reach England, but 
they can remain airborne for such periods by gliding 
at intervals, a habit Mr. Scott had noticed in Morocco. 
In 1865 substantial numbers of locusts came aboard 
a ship 1,200 miles off West Africa. 

Mr. T. .A. Stuart next spoke on “The Local 
Migrations of Brown Trout’’. He said that sea trout 
make local movements—the resulting concentrations 
being exploited by fishermen—as well as their true 
migrations to and from the sea. The benefit of this 
behaviour to the species is that far more fish can 
grow to maturity on the plentiful food of the sea 
than could if they remained in the home brook. The 
brown trout was originally thought to be non- 
migratory ; but it has now been shown, by catching 
and marking samples of the fish, that there is a 
definite movement downstream to the lochs, where 
the fish matures. The adult fish migrates back up 
the streams at about the same time, though the two 
movements do not necessarily coincide. Occasionally 
precocious young males will stay and fertilize in- 
coming females before starting on their own migra- 
tion, but young females always require the extra 
year in the loch to lay in sufficient reserves for egg 
production. 

The trout has a strong homing tendency, and, of 
many hundreds marked, none has afterwards been 
recovered in a stream other than that in which it 
was originally captured, except when the latter has 
been blocked. From 1952 the fry has been marked 
in this way, so that it is definitely known that the 
individual was born in a particular stream. Again 
strong homing tendencies have been demonstrated. 
Experiments have been made in which ripe fish 
moving up a stream are removed and released in 
streams on the opposite side of a large reservoir into 
which the streams emptied, a distance of more than a 
mile. No fish was recaptured in the stream to 
which it had been transferred; but about half 
those released were recovered and all save two were 
back in the original stream from which they had 
been removed. The successful homers did not only 
have to detect the mouth of the home stream once 
they were in the reservoir, but also actively to leave 
the foreign stream, swimming downstream against 
the mass of incoming fish for whom that particular 
stream was home. Mr. Stuart could not offer any 
explanation for the way in which the fish could 
re-orientate themselves in this manner. He thought 
it unlikely to be based on the detection of chemical 
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factors, @ view he maintained in the subsequent 
discussion when the work of Hasler was mentioned. 
This latter worker has claimed that fish can ‘smell’ 
the difference between streams from the difference 
in their organic contents. 

Dr. G. V. T. Matthews then presented a review of 
recent work concerning ‘“The Sun’s Role in Bird 
Orientation’. There is now plenty of evidence that 
birds can home from areas of which they have no 
previous experience. In some cases this may be due 
to a simple random wandering, but often the birds 
show initial homeward orientation followed by such 
swift returns that they must have flown pretty well 
straight home. Two types of navigation may be 
distinguished, the first being a limited navigation in 
which birds orientate themselves and fly in one 
direction only, fixed either by their instinctive 
behaviour or by a learning process. This suffices so 
long as the starting and finishing points always bear 
the same relation to one another ; but the birds will 
be led astray if displaced in a novel direction. 
Secondly, there is a form of complete navigation in 
which the birds can orientate themselves and fly 
towards home no matter in which direction they 
were released. Many remarkable results have been 
obtained, culminating in the Manx shearwater that 
flew three thousand miles home across the Atlantic 
in twelve days. 

The simple ‘compass’ navigation has been studied 
under laboratory conditions by making a bird indicate 
a certain direction. Bower birds, building their 
constructions with a rigidly northward orientation, 
provide a natural experiment, but the most important 
work has been done with caged migrants whose 
restless movements showed a strong directional com- 
ponent. Birds can also be trained to take up a 
direction by food conditioning. The prime orientating 
factor is undoubtedly the sun, since when it is lacking 
or ‘displaced’ by mirrors, the birds’ orientation 
becomes random or is displaced accordingly ; also, 
an artificial source of light is treated as if it were the 
true sun. The sun compass is fully. developed in 
night migrants, and it is probable that they pick up 
a direction around sunset. 

The complete navigation has been studied by 
observing the orientation behaviour of birds in the 
field under different conditions. Again the sun is an 
essential factor, only random orientation occurring 
in its absence. There are indications that some type 
of ‘grid’ navigation is concerned which, depending 
on the comparison of stimuli, becomes ineffective 
close to home. The main controversy is on whether 
the sun is still only concerned as a compass, or 
whether the bird can interpret the sun’s position in 
the sky sufficiently to provide the ‘grid’. This would 
require observation of the sun’s movement along its 
arc, extrapolation of that movement, accurate 
angular measurements and an accurate internal 
chronometer. These are difficult to credit, but are 
theoretically within the capacity of the birds’ sensory 
equipment. Some experiments aimed at confusing 
such a navigating mechanism have produced results 
supporting the hypothesis, which is the most promis- 
ing one at the moment, though it cannot be finally 
accepted as yet. A film of the homing experiments 
with Manx shearwaters was then shown. 

An extended discussion followed in which the 
required sensitivity of the bird eye, the stability of 
the head in flight and the accuracy of the internal 
chronometer received attention. Dr. Matthews said 
that claims of orientation within ten seconds of 
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release could probably be referred to directional 
tendencies and not to position-fixing. Dr. J. Verwey, 
from Holland, a distinguished foreign guest at the 
meeting, contributed much to the discussion; he 
directed attention to recent work by Sauer which 
apparently shows that caged migrants can pick up a 
direction from the (unclouded) night sky, and gave 
an account of the orientation of sand-hoppers. 
G. V. T. MatrHEws 


INFORMATION THEORY 


THIRD LONDON SYMPOSIUM 


‘HE mathematical theory of information has 

undergone considerable broadening and clari- 
fication during the past few years, and it is being 
studied, and applied to the design of experiments, 
by people in very varied fields—in particular, com- 
munication engineering, taxonomy, linguistics and 
neurophysiology. Two symposia have previously 
been held in London, in 1950 (Nature, 167, 20; 
1951) and in 1952 (Nature, 170, 1051; 1952); 
and, as a further experiment, another inter-dis- 
ciplinary and international meeting was held at the 
Royal Institution during September 12-16 last. This 
meeting was attended by two hundred and fifty 
representatives from fifteen different countries, 
including a large body from the United States and 
representatives of the Academy of Sciences of the 
U.S.8.R. The meeting was organized by Dr. Colin 
Cherry, of the Electrical Engineering Department, 
Imperial College of Science and Technology, London. 


The symposium was opened by Prof. Balth van der 
Pol, of Geneva. From the start, the discussions were 
numerous and lively, showing that, in spite of their 
variety of background, the participants enjoyed a 
considerable degree of mutual understanding through 
their common study of information theory. The 
subject is, of course, mathematical and forms a part 


of scientific method; it does not relate solely to 
telecommunications (whence it arose) but concerns 
all phenomena which are ‘communicative’ in nature, 
for which representations or scientific models are 
made, and to which true measures can be applied, 
precisely and numerically. The early promise offered, 
that information theory would provide a valuable 
unifying force between various specializations, is 
certainly being fulfilled. 

The first day of the meeting was devoted to a 
review of the fundamental concepts and the various 
measures which may be applied to ‘information 
rates’. Prof. J. L. van Soest, of the Netherlands, 
discussed the essentially discrete, or quantal, nature 
of communicable information and some of its con- 
sequences for the theory. A paper by Mr. G. Spencer 
Brown on the difficulties underlying definition of 
‘randomness’ raised discussion to the level of debate 
—as might be expected of that thorny subject. But 
the concepts of ‘randomness’ of a stochastic source 
and of the degree of ‘disorder’ of finite sequence are 
of great importance to the whole theory ; information 
theory may yet resolve some of the difficulties. 

On the same day, Dr. D. Gabor, and also Dr. W. 
Meyer-Eppler (Germany), extended the application 
of the theory to physics; in particular, to optics. 
Finally, the relevance of ‘information’ in the theory 
of games was considered by Dr. R. Farquharson 
(Great Britain). 





774 NATURE 


On the second day, questions of ‘coding’ of 
information-sources were discussed—the transforma- 
tions of message representations from one form to 
another—and of the possibility of improving rates of 
flow of information in noisy channels. Profs. A. E. 
Laemmel and P. Elias (United States) considered the 
theoretical bases of encoding so as to reduce the 
probability of error in, respectively, low and high 
noise-levels. Their colleague, Dr. D. A. Huffman, 
then showed ways in which such encodings might be 
carried out automatically, in practice. 

A related field of work was surveyed, in the after- 
noon, which included study of preferred ways of 
cataloguing, filing or classifying data in, for example, 
libraries—the theory of ‘clerical operations’. Mr. 
R. A. Fairthorne (Great Britain) has worked in close 
association with Dr. Calvin N. Mooers, of the United 
States, and gave a most humorous exposition of what 
a layman might otherwise guess to be a dry subject. 

Real-life, human, language was the topic on the 
third day, with accounts of some of the remarkable 
statistical facts about it. Prof. W. Fucks, of Aachen, 
disclosed statistical data relating to nine different 
languages, ancient and modern, Eastern and Western, 
showing that they have certain forms in common. 
Prof. Fucks is well known for his claims to establish 
the authenticity of certain controversial classical texts 
by the use of statistical discriminating-functions 
applied to the words. Prof. A. S.C. Ross and Dr. D. A. 
Bell, of Birmingham, continued their earlier work (re- 
ported in the 1952 Symposium) of computing the 
degree of redundancy in a written language ; this time 
they chose written Welsh, because it is essentially a 
phonetic writing, and so their results bear at least 
some reasonable approximation to a spoken language 
(statistical data about spoken being 
extremely difficult to gather). Dr. B. Mandelbrot 
(Geneva and Grenoble) continued the discussion to 
the statistical laws which relate to . There 
are close relations between statistical laws of language 
and other biological laws, in particular those first 
exposed by J. C. Willis. The reasons for the similarity 
are by no means clear, but the suggestion was offered, 
by Dr. Margaret Meade, that it arises from the fact 
that the various descriptive categories (phonemes, 
say, in language, and species or genera in biology) are 
set up by groups of people, in society. The laws may 
not be so much properties of ‘nature’, but of ourselves 
who set up descriptions and classifications. 

The afternoon of this same day was devoted to 
“Mechanical Translation”, the principal contributors 
being Drs. A. D. Booth and J. Cleave, of Birkbeck 
College, London, Prof. V. H. Yngve, of the Massachu- 
setts Institute of Technology, and Profs. 8. Ceccato and 
E. Maretti, from Italy. Distinction between translation 
and transcription (or encoding) was quickly drawn, 
and discussion largely concentrated upon the parts 
played by the syntactic and semantic rules in trans- 
lation. The machines, as at present constructed, 
operate necessarily upon syntactic rules, and it is 
indeed surprising the extent to which successful con- 
versions of a text from one language to another may 
be accomplished, even on a word-by-word conversion 
basis. The speakers emphasized the practical achieve- 
ments of their work, with examples of translation of 
scientific texts. The semantic rules may come in 
with the pre- and post-editing processes, using reason - 
ably intelligent human beings. As might be expected, 
it is scientific texts which offer most promise, being 
to a large extent inter-cultural. The two Italian 
speakers gave a brief account of the approach of their 
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operational school to problems of language and trang. 
lation, leading to discussion of some of the, philo. 
sophical difficulties and pitfalls. 

During the afternoon, speakers from Britain, 
France and the United States outlined modern views 
upon the structure of physical speech signals, and 
upon aural and visual perception. 

The final day was devoted to psychological ang 
neurophysiological studies. ‘Models’ representing 
certain aspects of brain functioning were discussed 
which, in their main attributes, are nowadays far 
removed from the digital computer analogies which 
so plagued us a few years ago. The stress to-day js 
upon self-organizing models, in initial random con. 
nexion. A paper by W. K. Taylor (of University 
College, London) is likely to become a classic ; Taylor 
considers the properties essential to the elements of 
a@ mechanism which can ‘learn by association’, based 
upon known properties of neurons in living nerve 
cells and sense receptors—correct firing-rates, mutual 
interaction, facilitation and inhibition, accommoda. 
tion—which determine the whole pattern of activity 
when associated. His analogue mechanisms are of 
the self-organizing type which, experimentally, exhibit 
primitive learning and adaptive behaviour. 

Later in the same day, some varied uses of informa- 
tion theory were demonstrated in human behaviour 
studies, especially to give quantitative measures for 
experiments upon learning, motor skills, visual 
recognition and human operator capacity. 

It was a happy sign of the times to hear, finally, 
a short report upon information theory developments 
in the U.S.S.R. from Prof. V. Siforov, the leader 
of the Russian delegation. He brought news of a 
number of well-known workers in the field, including 
the pioneers, Profs. A. Khinchin and A. Kolmogorov. 

The Proceedings of this third London Symposium 
on Information Theory are to be published by 
Butterworths Scientific Publications, London. 

CoLin CHERRY 
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CHOLESTEROL AND FAT 
METABOLISM 


SYMPOSIUM on “Cholesterol and Fat Meta- 

bolism in Relation to Diet and Disease”, 
arranged by the Scottish Group of the Nutrition 
Society jointly with the Biochemical Society, was 
held in Aberdeen on September 17. At an excellently 
attended meeting five papers were given as a basis 
of discussion, the speakers each making their charac- 
teristic contribution to the subject in hand. The 
subject-matter, covering the factors of diet and 
disease, proved attractive to biochemists, nutrition- 
ists and clinicians; and indeed the papers were 80 
arranged that the more purely scientific aspects of the 
subject were followed by those parts of the problem 
of cholesterol and fat metabolism which are of more 
particular interest to pathologists and clinicians. 

The subject, from the chemistry of the sterols to 
the treatment of atherosclerosis, is as full of interest 
as it is of difficulties, both in the investigation of 
the scientific problems and the interpretation of the 
complex of signs and symptoms which present them- 
selves to the clinician. 

Dr. R. P. Cook, of the Department of Biochemistry, 
Queen’s College, Dundee, opened with a paper on 
“Chemistry and Biochemistry of the Sterols with 
Special Reference to Cholesterol’. After a brief but 
interesting reference to the historical development of 
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our knowledge of cholesterol, he reviewed the struc- 
ture of the sterols. He discussed fully the biological 
function of the sterols and concluded with an account 
of sterol absorption in various types of animals. 

Dr. J. A. Lovern, of the Torry Research Station, 
Aberdeen, followed with a paper on “Methods of 
Investigating Cholesterol and Associated Lipids’. 
The paper dealt with the general principles involved 
in the main sequence of operations in a study of the 
lipids of @ tissue, with particular emphasis on chol- 
esterol and its esters. In an excellent and highly 
technical account, he indicated the extraction diffi- 
culties associated with lipid protein complex forma- 
tion and pointed out that they are not likely to be 
serious with cholesterol, and that a rigorous removal 
of non-lipid impurities is not essential if the investi- 
gation is concerned solely with cholesterol; but it 
was shown that separation problems are serious if the 
fatty acids of the cholesterol esters are to be examined. 
Detailed reference was made to the well-known 
drawbacks of the Liebermann-—Burchard colorimetric 
method for cholesterol, these being associated with 
the transient nature of the colour and its sensitivity 
to experimental conditions. Such difficulties as arise, 
however, can be avoided by the use of alternative 
reactions. It was shown how metabolic studies with 
precursors labelled with deuterium and radioactive 
carbon have thrown much light on cholesterol 
synthesis and metabolism in the animal. 

Of importance to those interested in the origins of 
the secretion of the adrenal glands were the remarks 
of Dr. G. 8. Boyd, of the Department of Biochemistry, 
University of Edinburgh, when he spoke on ‘Some 
Aspects of Cholesterol Metabolism’’. Isotopic studies 
have shown how acetate must be involved in the 
total synthesis of the cholesterol molecule. He em- 
phasized how true it is that while the adrenal cortex 
and the liver, particularly the latter, play an im- 
portant part in the synthesis of this sterol, neverthe- 
less other tissues such as the lungs, kidneys and 
spleen may in some species enter the field of bio- 
synthesis. That the adult brain, rich in cholesterol, 
seems to be a non-participant in this biosynthesis 
does not indicate that the central nervous system has 
no part to play in the maze of activities which 
apparently have their origin in cholesterol or its 
precursors. It was apparent that we have only to 
think of the influence of the various steroids and 
steroid hormones on the hormonal activity of the 
anterior lobe of the pituitary gland, with its close 
links with the hypothalamic nuclei, to realize the 
complexities of the problem. A stimulated pituitary 
has a potent action in depleting cholesterol sources, 
especially in the adrenal cortex, and in forcing the pro- 
duction of cortical steroids and concurrently removing, 
from the circulating blood, cholesterol and especially 
cholesterol esters for the purpose of the restoration 
of depleted reserves. The complexities of the subject 
were further emphasized by Dr. Boyd in his remarks 
concerning liver glycogen and blood-sugar levels and 
the influence which they exert through the hypo- 
thalamus on the energy balance within the body. 

The last two papers, given by Dr. I. Rannie, of the 
Department of Pathology, King’s College, Newcastle 
upon Tyne, on “Experimental Cholesterol Athero- 
sclerosis’, and by Prof. H. W. Fullerton, Department 
of Medicine, University of Aberdeen, on ‘“‘The Rela- 
tionship of Lipesmia to Thrombosis and Atheroma’’, 
presented the problem of cholesterol and fat meta- 
bolism in its relation to disease. To the biochemist 
and the nutritionist, this aspect of the problem is 
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apparently not without interest ; nevertheless, to the 
pathologist and more especially to the physician, with 
the care of the patient his supreme responsibility, it 
is of vital importance. In his references to experi- 
mental atherosclerosis Dr. Boyd, by a most illumin- 
ating series of slides, showed how lipid-bearing 
phagocytes or cholesterol taken up by reticulo- 
endothelial cells may become imbedded in the wall 
of the artery and, in this connexion, referred to the 
important part played by the permeability of the 
vessel endothelium and how at sites of turbulent flow 
macromolecular substances can stick to and damage 
the endothelial lining of the vessel. It was further 
made abundantly clear that the problem is made;,the 
more difficult because of species differences, and that 
as a result of this, one has to be extremely careful in 
arriving at conclusions to note the type of animal 
from which results have been gleaned. 

Prof. Fullerton, in discussing the more clinical 
aspects of the problem, gave it as his opinion that 
while a thrombosis or fibrin deposit is situated within 
the wall covered by endothelium, the initial abnormal- 
ities, at least in man, are to be found in the plasma 
and not in the wall of the artery. Prof. Fullerton 
corroborated the suggestion first put forward by 
Prof. Duguid that the factor responsible for inter- 
mittent fibrin formation is the ingestion of meals rich 
in fat. As a result of his own work, he showed that 
the amount of fat ingested at a meal may on many 
occasions exceed the critical level at which an increase 
in the coagulability of the blood occurs. 

A matter which received a certain amount of 
attention was the relation of plasma cholesterol to 
the nature of the plasma lipoproteins, and the dis- 
tribution of cholesterol between the «- and the larger 
8-lipoproteins. As a result of discussion, it became 
clear that an increase in plasma cholesterol, while it 
may lead to an accumulation in the plasma of 
abnormal lipoproteins of macro-molecular structure, 
does not provide an explanation of the processes 
upon which the development of the thrombic lesion 
within the arterial wall depends. , 

Sir Rudolph Peters, of the Institute of Animal 
Physiology, Babraham, Cambridge, took the chair 
during the first part of the meeting. 


YOUNG MANAGERS IN THE 
UNITED STATES 


URING the academic years 1951-52 and 1952- 
53, funds were provided by the United States 
Government through the Mutual Security Agency for 
a study to be made of “the philosophy, principles 
and techniques of American business management” 
by a number of young managers from Britain. In 
each of the two years two groups travelled to the 
United States, attending the Universities of Cin- 
cinnati and Syracuse, respectively. Each course 
lasted for a period of nine months and the total 
number taking part in all the courses was sixty-three. 
The young managers who carried out these studies 
are back at work in British industry. They have now 
published the outstanding impressions of the period 
that they spent in the United States, a summary of 
experience based not only upon courses of instruction 
but upon an overall total of 452 visits made to com- 
panies, trades unions, business associations and 
government departments (“Reporting Back’’. (Man- 
agement Publications, Ltd.) 7s. 6d.). 
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The greater part of the book is devoted to chapters 
on production, distribution, finance and labour, in 
which the managers discuss the techniques and 
methods that they saw in operation. The majority 
of these techniques have been common practice in 
progressive companies in Britain for a number of years. 
What emerges most clearly, however, is the strong 
impression left in the minds of managers of this level 
of the general attitude towards business in the 
United States—an attitude more important and 
more fundamental than the specific techniques in 
which it is manifested. The report directs attention 
to the high social prestige attached to business in 
the United States, to the all-pervading competitive 
spirit and the ready adaptability to new methods. 
Stress is laid in particular on the extent to which 
production, prices and employment are governed by 
the volume of sales with a resultant cost-conscious- 
ness in every department and ai all levels. 

A final chapter indicates the scope of American 
education and training for management with its 
strong emphasis on the case study method and a 
close co-operation between the universities and 
industry. 


ECOLOGY OF ARID ZONES 


N a recent Unesco publication*, a comprehensive 

list of papers on the plant ecology of arid zones 
is reviewed as a preliminary to further action of a 
practical nature. 

At the second session of the Unesco’s Advisory 
Committee for Arid Zone Research, held in Paris in 
September 1951, it was recommended that a com- 
mission of experts should be invited to prepare 
reports reviewing research on plant ecology per- 
taining to arid and semi-arid regions. The aim was 
an effective review of existing literature together 
with such information as Unesco might be able to 
collect. It was also recommended that the reports 
should cover ten specified regions, and that particular 
attention should be paid to wild plant species growing 
in the arid regions which might be suitable as 
agricultural crops. The present full and inform- 
ative report is the outcome of these recommend- 
ations. 

In the introduction, it is pointed out that, in view 
of the large part of the earth’s surface that is arid, 
or semi-arid, there is a responsibility to make the 
best use of such areas, even though the major agri- 
cultural effort must necessarily, and rightly, be 
devoted to the more favourable climatic zones. It is 
held that, through the mediation of an international 
organization, it should be possible to examine the 
relevant problems of these areas on a much wider 
basis than can be hoped for at national centres, the 
more so as some of these may be working with 
limited resources. In undertaking this task, in con- 
sultation with other United Nations agencies, the first 
objective in the programme as envisaged by Unesco 
is the collection, sorting and use of existing informa- 
tion ; the second is to encourage new investigations 
and close co-operation between research centres. 

In the present volume, the résumés, discussions 
and bibliography, prepared by different workers, 
relate to investigations into the plant ecology of the 

* Plant Ecology : Review of Research. Arid Zone Research, Vol. 6 ; 
pp. 377+8 plates. (Paris: Unesco; London: H.M. Stationery 
Office, 1955.) 2,200 francs; 45s.; 7 dollars. 
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arid zones of Afghanistan, India, Pakistan, Iran 
Israel and Turkey, Australia, Latin America, ; 
Jordan and neighbouring territories, Egypt and 
neighbouring territories, Angola and South A rican 
territories, North-west Africa, United States and 
Canada, and tropical East Africa. In many of the 
reports, reference is made to the degradation of arid 
zone lands as a result of human intervention, par. 
ticularly over-grazing and the removal of forest 
cover. This is strongly evidenced in the older settled 
areas, but is by no means confined to them. A fy] 
and accurate knowledge of the environment in any 
given area is needed in order to ensure @ sound pro. 
gramme of plant introduction. This has been illus. 
trated in practice by several notable examples in 
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‘recent years. How much remains to be done in the 


matter of direct botanical and ecological observation 
emerges from the several regional reports. What can 
be achieved in practical agriculture, on an economic 
basis, remains to be seen; but some important 
beginnings have been made. « 

In that it makes readily available a fund of im. 
portant information, this publication should not only 
be or interest to the professional botanist, ecologist 
and agriculturist, but also to the more general reader 
and, in particular, to all who are concerned with the 
amelioration of arid zones. 


ANIMAL ENDURANCE 


N extraordinary case of bone repair and animal 
endurance is reported from the Dominion 
Museum of New Zealand (New Zealand Sci. Rev., 13; 
March-April 1955). The shaft of the left femur of a 
red deer (Cervus elephus) had been fractured towards 
the middle and the lower portion of the bone dis. 
placed farther to the left, at the same time ‘tele- 
scoping’ upwards, so that the two portions lay 
somewhat parallel to each other. In this position 
the two fragments were secured by the formation of 
two densely ossified ‘bridges’. The remains of a bullet 
were found lodged in the bone just above the internal 
condyle. The impact of the bullet not only fractured 
the shaft of the femur towards the middle, but also 
the internal and external condyles. In time, ossi- 
fication of the condyloid fragments cemented together 
the pieces, leaving deep furrows in the articular 
surfaces. The two ‘bridges’ spanning the separated 
portions of the shaft appear to have been built up 
by calluses forming over the fragments bridging the 
gap between the two portions of the femur and 
finally fusing with the separated portions of the shaft 
itself. 

At the lower end of the upper fragment of the 
shaft, the medullary canal has remained open, and 8 
certain amount of ossification taken place. The 
opening of the medullary canal of the lower portion 
of the shaft is almost completely closed, except for 
minute openings, by the formation of the upper 
‘bridge’. There is no evidence to indicate whether 
the animal was afterwards shot, or whether the bone 
was picked up after the death of the beast. It is 
evident, however, that the animal to survive 
for a very considerable time after it received the 
original injury, perhaps many months, if not several 
years. 

The absence of predators in the country un- 
doubtedly contributed to the survival of such 4 
wounded animal. 
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PHOTOMAGNETISM OF TRIPLET STATES OF ORGANIC MOLECULES 


By Dr. D. F. EVANS 
Physical Chemistry Laboratory, Oxford 


T has been generally accepted since the classic 
work of Lewis and his collaborators! that the 
upper state responsible for the phosphorescence of 
many organic molecules in rigid solvents is the triplet 
state. The most important piece of experimental 
evidence was the photomagnetism observed by Lewis, 
Calvin and Kasha* during intense irradiation of 
fluorescein in a boric acid glass. No further results 
have been reported, but certain difficulties of the 
triplet-state hypothesis have recently been pointed 
out by Porter*. Accordingly, measurements have 
been made of the photomagnetism of fluorescein, 
]-hydroxy-2-naphthoic acid and triphenylene (9 : 10- 
benzphenanthrene), which confirm and extend the 
earlier work. 

In their experiments, Lewis et al. determined the 
absolute paramagnetic susceptibility of the triplet 
state of fluorescein, and found reasonable agreement 
with the theoretical value. The measured suscepti- 
bility depended, however, on an estimation of the 
stationary concentration of the triplet state, which 
seems very uncertain, and has not been attempted in 
the present work. Instead, the decay of the photo- 
magnetism was compared with that of the phos- 
phorescence in the case of triphenylene, which has 
an exceptionally long phosphorescence lifetime‘. 
Since only a very small effect was obtained by 
Lewis et al., a much more sensitive design of apparatus 
(Fig. 1) was used, which is an adaptation of the gas 
susceptibility balance described by Bitter®. 
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The boric acid phosphor, in the form of a thin disk 
(1 cm. in diameter, about 0-3-0-4 mm. thick) with 
alternate quadrants covered with tin foil, is suspended 
as shown in an atmosphere of hydrogen gas*. The 
inhomogeneous magnetic field is produced byg an 
electromagnet run off the d.c. mains ; the voltage is 
stabilized when necessary by ‘backing off’ against 
lead accumulators. When the disk is illuminated, a 
steady concentration of paramagnetic triplet mole- 
cules will be formed in the uncovered segments, and 
the disk will be deflected in a clockwise direction. 
The system, which has an undamped period of 
about 3 sec., is damped by the small ring of copper 
foil. The movement of the reflected spot of light is 
detected and amplified by two selenium photocells 
wired in series-opposition, which are connected to a 
push-pull d.c. amplifier and a recording milliammeter. 
(This arrangement has adequate sensitivity, and is 
simpler than one using photo-emissive cells.) In this 
way a continuous record of the susceptibility of the 
illuminated portions of the disk is obtained. Changes 
in susceptibility of about 0-001 per cent could be 
detected, corresponding to less than 10-!° mole of 
triplet ; and it is probable that by more careful 
balancing of the suspension, considerably higher 
sensitivities could be obtained. 

The samples were made by heating 0-05—0-4 parts 
of the organic compound with 100 parts of ‘Analar’ 
boric acid at 240° C. until most of the water was ex- 
pelled*. The melt was pressed between two hot glass 
plates coated with silicone oil, and, after cooling, the 
thin sheet was cut into disks by gentle pressure from 
a sharp cork borer. The phosphors of fluorescein and 
1-hydroxy-2-naphthoic acid were irradiated by light 
from a 500-W. Osram compact-source mercury arc. 
A glass condensing Jens focused an image of this 
source on the disk, and a solution of copper nitrate 
or copper sulphate was used as a heat filter. It was 
shown with the aid of suitable filters that the wave- 
length of the radiation producing the photomagnetism 
was mainly 4360 A. and 3650 A. respectively. This 
was expected from the absorption spectra of the 
organic compounds in boric acid glass. Since 
triphenylene does not absorb appreciably at 3650 A., 
a 125-W. high-pressure mercury arc was used with 
a@ quartz condensing lens, a nickel nitrate heat filter, 
and (usually) a glass filter to cut off radiation of 
wave-lengths shorter than about 2800 A. (It has 
been stated® that boric acid glasses show intense 
absorption below 3100 A.; pure boric acid glasses 
have been prepared, however, which were reasonably 
transparent down to at least 2100 A.) The intensity 
was much less than for fluorescein and 1-hydroxy-2- 
naphthoie acid, but this was partly compensated by 
the much longer lifetime of the triphenylene triplet 
state, which favours a high concentration of triplet’. 

Appreciable photomagnetic effects were found in 
all three cases. Successive deflexions agreed within 
about +2 per cent for fluorescein and 1-hydroxy-2- 
naphthoic acid, and a trace obtained with the latter 
compound is shown in Fig. 2. No deflexions were 
observed on exposure to light in the absence of a 
magnetic field. Triphenylene showed rapid photo- 
decomposition with the formation of a blue com- 
pound. Despite this, reproducible traces could be 
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Fig. 2. Photomagnetism in (a) 1-hydroxy-2-naphthoic acid and 

(b) triphenylene at room temperature. The overall sensitivity 

was considerably higher in the latter case. The decay of phos- 

phorescence for triphenylene is also shown, and follows accurately 
the expression J = J, exp (—#/11-5) 


obtained, although successive deflexions tended to 
decrease in magnitude owing to competitive absorp- 
tion of the exciting light. In addition, permanent 
deflexions were usually obtained, possibly due to 
permanent formation of free radicals. However, the 
slow rise and decay of the photomagnetism can 
clearly be seen in a typical trace shown in Fig. 2. 
After about the first two seconds the decay becomes 
closely exponential, with a mean lifetime of approxi- 
mately 10-8 sec. The mean lifetime of the brilliant 
blue phosphorescence was found to be 11-5 sec. by 
direct measurement on the same batch of boric acid 
glass, using a selenium photocell and the recording 
system described above. These two values are in 
satisfactory agreement, and there can be little doubt 
that the same paramagnetic species is responsible for 
both the photomagnetism and the phosphorescence 
in triphenylene, and presumably also in fluorescein 
and 1-hydroxy-2-naphthoic acid. 

It is clear from the exponential decay of both the 
photomagnetism and the phosphorescence that this 
paramagnetic species is in fact a triplet state, and 
not a@ pair of free radicals, or a free radical and an 
electron which slowly recombine. The recombination 
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of a free radical and an electron after the irradiation 
of certain organic compounds in glasses at low 
temperatures has been studied experimentally, an 
found to differ very markedly from the norma] 
phosphorescence phenomena’. In particular, the 
rate of decay of the luminescence TJ follows a law of 
the type I=I,/#, where m is of the order of one. 

Porter* has recently emphasized that in spite of 
the apparent general similarity between the radiation. 
less transition from the first excited singlet to the 
lower triplet state, and the corresponding one from 
the triplet state to the ground state, these two 
processes actually differ very markedly in behaviour, 
The former is in general rapid (lifetime of the order 
of 10-7 sec.*), and practically independent of the 
physical state of the molecule concerned, whereas the 
latter is usually much slower, and very dependent on 
the viscosity of the surrounding medium®, becoming 
of negligible importance in rigid solvents. 

It may be noted, however, that the triplet state is 
usually much closer in energy to the excited singlet 
than to the ground state, which should favour the 
necessary crossing of potential energy curves in the 
first case (see also ref. 1b). Also, symmetry considera. 
tions indicate that in general this transition from the 
excited singlet to the triplet should be the more 
rapid. Thus, for centrally symmetric aromatic 
molecules the ground state is even (g), whereas it is 
likely that both the excited singlet and triplet will 
normally be odd (u)!*. For non-radiative processes 
u—u transitions are permitted, and u—g transitions 
are formally forbidden". More generally, the sym. 
metry with respect to rotation about an axis perpen- 
dicular to the plane of the molecule is likely to be the 
same for the excited singlet and triplet, but different 
for the ground state. 

I thank Dr. E. J. Bowen and Dr. R. E. Richards 
for advice and encouragement, Prof. C. A. Coulson 
for a valuable discussion on the theoretical aspects, 
and the University of Oxford for an I.C.I. fellowship. 
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AN AUXANOMETER FOR ISOLATED PLANT SECTIONS 
By D. B. IDLE 


Department of Botany, University of Southampton 


HE auxanometer to be described is basically 

unspecialized, and may be adapted to record 
the extension/time characteristics of a variety of 
tissuee under a number of environmental conditions. 
In its present form, the machine measures in darkness 
the progress of extension in isolated sections of the 
epicotyl of dark-grown broad bean seedlings when 


supplied with various nutrients independently at the 
cut ends of the section. It has also been used on the 
same material immersed in water, simulating current 
methods of bio-assay. 

Fig. 1 illustrates the mechanism. The success of 
the method and its potential usefulness depend on 
the simplicity and ubiquity of the Cambridge rocking 
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Fig. 1. The mechanism consists of a Cambridge rocking microtome 
driven by an Everett cumbe ‘Synlock’ type MBX motor, 
which has two separate windings, one for each direction. The valve 
operates a@ P.O. type 3000 relay from an unsmoothed ae be 
supply. The switch controls the bias on the valve. The stippled 
material supporting the section is polythene, the rest oF the 
switch being of ‘Perspex’. Strips of filter paper supply the ends 
of the section with water from small cups holding about 1 c.c. 
each. The position of the chart as shown is displaced to the right 


microtome. A switch is fitted to the block holder of 
the microtome, and is directly coupled with magni- 
fication to the recording pen. The coupling is moved 
in either direction by a reversible motor, the speed 
of which is one revolution per minute ; the direction 
taken by the motor depends upon whether the switch 
is open or closed. Elongation of the section closes 
the switch, when the motor rotates so as to move 
the switch away from the section. The switch then 
opens, reversing the direction of rotation. Asa result 
the switch contacts close again, and the cycle is 
repeated. The apparatus in fact 
hunts around the end of the section, 
the extension or contraction of which 
is followed by the mean position of 
the switch. The hunting-range is 
of the order of 5y, and this will 
only show on the record at higher 
magnification than has so far been 
used. 

The record appears as a graph 
of total extension against time on a 
chart 5 in. high, corresponding to 
4 mm. extension. The graph may 
be converted to one of rate with 
time by measuring the slope with 
a protractor. Total extension may 
be measured to within about 20y. 
The time-scale may be resolved to 
within 5 min. using a chart speed 
of 0-75 in. per hr. The rate of exten- 
sion may be estimated to the nearest 
micron per minute for a minimum 
period of some 15 min. 

The contacts of the switch are 
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ends in comfortable contact with the filter-paper 
strips conducting moisture to the section. 

Some typical results are shown in Fig. 2. The 
fluctuations in the rate of extension during the first 
five hours are characteristic responses to cutting, and 
are found in both isolated sections of stem and in 
lengths of stem without roots and seed but retaining 
the apical meristem ; this is known from a previous 
unpublished investigation. 

It has been found that if the sections are wholly 
or partially immersed in water, the pattern of growth 
normal to the tissue is lost. Under these conditions, 
there is an initial period of rapid extension lasting for 
about an hour, followed by a long phase of fairly 
constant rate lasting for perhaps 20 hr. However, 
the mode of support of the section shown in Fig. 1 
was found to give results more like those previously 
observed in intact plants. There is a conspicuous 
response to handling followed by a period of decreas- 
ing rate of extension, there being little extension after 
about 15 hr. In the case of added auxin, the second 
phase is longer. 

It may be noted that the graph of rate of extension 
has always been found to be more eloquent than the 
curve plotted by the machine. This total-extension/ 
time curve does not easily indicate to the eye changes 
in the rate of extension that may be very significant 
indications of metabolic activity. Such changes 
usually occupy an hour or two, and are easily lost 
when resolution is of a comparable period, as is usual 
in most methods of bio-assay. Similarly, inspection 
of the rate/time records of individual sections often 
reveals meaningful phases of rate of extension that 
may not be exactly synchronous in all cases. Were 
such records to be averaged before inspection, the 
sequence of events in fact common to all the records 
would become partially or wholly obliterated. 
Methods of bio-assay using stem sections have in the 
past involved average measurements taken at quite 
infrequent intervals of time; as a result, the 
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of crossed 30-gauge platinum wires, 
sprung such that no great change in 
pressure occurs as they open or close. 
The moving arm of the switch is 
spring-loaded so that the plant section 
is under a constant pressure of the 
order of 1 gm. This keeps the cut 


Fig. 2. 


mounted. 


second internodes of dark-grown Vicia faba seedlings. 
continuous darkness. 
(3) 10 mgm./l, of 3-indolylacetic acid at dis 
other ; cut and mounted in 


10 
Time (hr.) 


Records obtained from 1-cm, sections of extending tissue of first or 


(1) Water both ends ; 
white light when cut and 
end, water at the 
darkness. (1R) and (3R) Curves 1 and 3 plotted as 
rate of extension with time 


2) Water both ends; 
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peculiarities of the initial rate of extension have not 
been observed or studied. Even the few observa- 
tions as yet completed suggest that these initial 
phases are of great interest and importance, and 
they fully support the statements of Bennet-Clark! 
and of Audus?. 
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This work has been carried out under a research 
award of the Department of Scientific and Industrial 
Research, and with the help and encouragement of 
Prof. W. T. Williams. [July 20 


* Bennet-Clark, T. A., and Kefford, N. P., J. Exp. Bot., 5, 293 (1954), 
* Audus, L. J., J. Exp. Bot., 3, 875 (1952). 
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STRUCTURE OF POLYGLYCINE II 
By Dr. F. H. C. CRICK’ 


AND 
Dr. ALEXANDER RICH* 


Medical Research Council Unit for the Study of the Molecular Structure of Biological Systems, 
Cavendish Laboratory, Cambridge 


ERY recently Bamford and his colleagues! have 
described their work on a second form of poly- 
glycine, which they call polyglycine II. The purpose 
of this communication is to suggest a structure for 
this substance. 

Bamford et al.1 have shown clearly that polyglycine 
can give two types of X-ray diagram according to 
the method of precipitation. Polyglycine I gives 
strong reflexions at 4-4 A. and 3-45 A., and is thus 
some kind of £-structure; that is, the polypeptide 
chains are almost but not quite fully extended, and 
hydrogen bonds are formed between neighbouring 
chains (in approximately the same plane) to form 
sheets of parallel or anti-parallel chains. Polyglycine 
II, on the other hand, gives a very strong reflexion 
at 4-15 A., and a moderately strong one at 
3-1A. Only a powder diagram has so far been 
obtained. Bamford e¢ al.1 have shown that the 
X-ray picture cannot be easily ex- 
plained in terms of any well-known 
configuration of the polypeptide 
chain. 

The structure we propose is 
simple. All the polypeptide chains 
are parallel and each one has a 
threefold screw axis. The chains are 
packed in a hexagonal array, each 
chain being hydrogen-bonded to 
each of its six neighbours. These 
hydrogen bonds lie roughly perpen- 
dicular to the screw axis, and, as 
implied above, run in_ several 
directions and not merely in one 
direction as in a $-structure. This 
can be seen in Fig. 1, which is a 
projection of the structure looking 
down the screw axis. 

Another view of the structure 
is shown in Fig. 2. This is a pro- 
jection along the z-axis and perpen- 
dicular to the screw axis (the z-axis), 
which runs vertically. The easiest 
way to visualize the structure is to 
look at one of the residues at the 
bottom of the figure. This shows 
that the planar peptide group is 
inclined at about 35° to the fibre 
axis, and has its plane perpen- 


Fig. 1. 


* Section on Physical Chemistry, National 
oo es of Mental Health, Bethesda 14, Mary- 
an 


dicular to that of the paper. There is thus an in. 
finite sequence of hydrogen bonds running frcm one 
cell to the next, perpendicular to the paper and 
joining residues of adjacent chains. It follows that 
the atoms of these residues all lie on an inclined 
lathe. There is another set of such lathes at a level 
3-1 A. higher in the structure, but due to the 120° 
rotation of the screw axis these lathes run at an 
angle to the paper. At 3-1 A. higher again there is a 
third set of lathes, again at an angle to the paper. 
Above that the structure is repeated. 

The formal crystallographic description of the 
structure is: a@ = 4-8A., c=9-3A., space group 
P3,, one residue per asymmetric unit. The calculated 
density is 1-54 gm./c.c.; observed density’, 1-43 
gm./c.c. (It is often found for this type of material 
that the calculated density is 5-10 per cent higher 
than the observed.) The co-ordinates of the atoms 











A projection of the structure down the screw axis, showing seven chains. 
Hydrogen bonds, drawn as dashed — run in a number of directions linking neighbour- 


ing chains together 
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Fig. 2. A projection of the structure with the ooo axis vertical. 
the chain on the right has been drawn as nearer to the reader than 
Note the planar peptide groups edge-on at the 
The hydrogen bonds from these groups are almost perpendicular 


towards the reader ; 
the chain on the left (see Fig. 1). 
bottom of the figure. 

© the paper 


of one asymmetric unit (excepting hydrogen atoms) 
are given in Table 1, to the nearest 0-05 A 

In building the structure we have adopted the 
standard Pauling—Corey* bond-distances and angles. 
The hydrogen bond-distance (nitrogen to oxygen) is 
2-76 A., which is a little short, but quite acceptable’. 
The hydrogen bond is almost straight, as can be 
seen from the figures. All the van der Waals dis- 
tances are acceptable, and in fact space-filling models 
show that the chains pack together in a comfortable 
manner. 

Since there is no asymmetric carbon atom in poly- 
glycine, the mirror image structure (space group 
P3,) is equally possible. 

We have calculated the spacings and intensities 
expected from this structure for all reflexions out to 
1:8A. Dr. C. H. Bamford and his colleagues have 
kindly shown us the original of the powder photo- 
graph (their Fig. 1). Their X-ray data are in good 
qualitative agreement with our calculations. The 
very strong 4:15 A. reflexion is 1010. A glance at 
Fig. 1 shows that this will be intense. The 3-1-A. 
reflexion has a small contribution from 0003, but is 
mostly due to 1012, spacing 3-09 A. The strength 


Table 1. Atomic co-ordinates, in a hexagonal frame, in angstrom 
units = 
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of this reflexion is mainly pro- 
duced by the inclined planes of 
the peptide groups which make 
up the lathes described above. 

We thus feel confident that 
polyglycine II has the structure 
we have described, or a closely 
similar structure. It should be 
realized, however, that there is a 
family of possible structures of 
this general type. All these would 
have in common polypeptide back- 
bones with three-fold screw axes 
and a repeat of about 9-3A. 
There are only two possible ways 
of achieving this backbone: the 
one we have described, and an 
analogous one in which the nitro- 
gen atom is close to the fibre 
axis. Such chains can have either 
right-handed screws, or left-handed, 
and can be combined in various 
ways, either parallel or anti-parallel. 
So far as we can see, the structure 
we have described is the simplest 
member of the family. Stimulated 
by a suggestion by Dr. A. Elliott, 
we have found that it is possible 
to remove a chain from the struc- 
ture and then replace it running 
in the opposite direction. All 
the hydrogen bonds can be re- 
made and at first glance the 
modified structure looks very sim- 
ilar to the original, so that its 
X-ray diffraction pattern will also 
be similar. Only a very detailed 
study of the experimental results 
will enable one to say whether the 
simple structure is strictly correct, 
or only a first approximation. 

Whatever the outcome of such studies, we feel that 
the present qualitative agreement with the experi- 
mental evidence makes it almost certain that the 
structure of polyglycine II is of this general type. 
This enables us to conclude that only polyglycine 
can form such a lattice—there is no room for side- 
chains in the lattice unless some of the hydrogen 
bonds are broken. 

We see no special reason why a single polyglycine 
chain should take up this precise configuration ; 
this is presumably dictated by the interaction 
between neighbouring chains, which imposes the 
exact three-fold screw axis. We note with interest 
that polyproline, the structure of which has recently 
been reported by Cowan and McGavin‘, and which 
is unable to form hydrogen bonds, takes up a similar 
backbone corfiguration. 

As yet it has not been possible to obtain’ a fibre 
diagram of polyglycine II. This is probably because 
any process used to produce orientation will tend to 
stretch the structure, and it will then pass over to 
the more extended 8-form of polyglycine I. 

We should like to thank Dr. Bamford and his 
colleagues both for showing us their X-ray photo- 
graphs and for helpful discussion. [Sept. 20 
1 Bamford, C. H., Brown, L. Cant, E. M., Elliott, A., Hanby, W. E., 

and Malcolm, E. R., Nature, 176, 396 (1955). 
2 Corey, R. B., and Pauling, L., Proce. Roy. Soc., B, 141, 10 €1953). 
* Donchue, J., J. Phys. Chem., 56, 502 (1952). 


* Cowan, P. M.. and McGavin, 8., Comm. to 3rd Int. Cong. Biochem., 
2.64 (1955) ; Nature, 176, 501 (1955). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 


for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


Occurrence of Attenuated Strains of 
Myxoma Virus in Europe 


SEVERAL slightly attenuated strains of myxoma 
virus have been recovered from the field in Australia’ ; 
indeed, it is now rather uncommon to recover strains 
having the same high virulence as the material used 
for initiating the epizootics, and for the subsequent 
inoculation campaigns. The position in Europe, how- 
ever, appears to have been different. European 
investigators* have been unanimous in their observa- 
tions that there has been no fall in the virulence of 
the virus since it was introduced into wild rabbits in 
France in June 1952. Experiments made in Canberra 
with several European field-strains have confirmed 
this view. Very recently, however, we have obtained 
evidence of attenuation of the virus in the field in 
Europe. 

Our standard technique for the comparison of the 
virulence of myxoma strains consists of the intra- 
dermal inoculation of five 4-months-old laboratory 
rabbits with 0-1 ml. of saline containing about 
five rabbit-infectious doses of virus. Observations on 
larger groups of rabbits have shown that the survival 
times of the inoculated rabbits are correlated with 
the mortality-rates and serve as the best single 
criterion of virulence with these small groups of 
animals. 

The survival times of groups of rabbits inoculated 
with various strains of virus obtained from naturally 
infected cases in Europe are shown in Table 1. The 
‘Lausanne’ strain, kindly provided by Dr. G. Bouvier, 
is only a few domestic rabbit passages from the 
South American Sylvilagus rabbits, and was the 
strain used to initiate the epizootics in Europe 
(Bouvier, personal communication, 1954). The 
‘standard laboratory strain’ is the virus used to 
initiate the Australian epizootics; ‘neuromyxoma’® 
is the least virulent of all myxoma strains, and KM13 
is @ slightly attenuated Australian field-strain, which 
has been extensively studied in our laboratory and 


Table 1. 
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represents the level of virulence most commonly 
encountered in the field in Australia. 

The uniform high virulence of strains from Europe 
up to the ‘Loiret April 1955’ strain is apparent, and 
the clinical picture of the infection caused by all 
these strains has been quite uniform, and distinctly 
different from that associated with infections by the 
Australian strains. Strain ‘Loiret April 1955’ was 
sent to us by Dr. H. Jacotot, of the Pasteur Institute, 
Paris, and was obtained on April 7, 1955, from 
tumour material removed from a tame rabbit 
suffering from myxomatosis contracted naturally, 
It produces the large tumours characteristic of the 
European strains, although they develop more slowly, 
The strain ‘Nottingham April 1955’, supplied to us 
by Mr. J. R. Hudson, of the Veterinary Laboratory, 
Weybridge, England, is also attenuated. Of five 
rabbits inoculated with small doses of the first 
laboratory-rabbit passage material from a recovering 
wild rabbit, two died with symptoms and signs 
characteristic of the fully virulent European strains, 
one became severely ill and died thirty-four days 
after inoculation, and the other two suffered a rela. 
tively mild disease, although each developed large 
primary and secondary tumours. Experiments still 
in their preliminary stages suggest that limit dilution 
subinoculations of material taken from the severely 
affected rabbits produce the classical severe European 
type of disease, whereas similar passage of material 
taken from the mild cases usually produces the mild 
form of the disease. 

Estimation of the skin titre of secondary nodules 
on four rabbits infected with the ‘Loiret April 1955’ 
strain ranged from 10* to 10%? rabbit-infectious 
doses per gm. of epidermal tissue twenty-five days 
after infection, and 10? in one rabbit tested thirty- 
eight days after infection. These concentrations 
exceed those found in rabbits infected with Australian 
attenuated strains at similar intervals after infection. 
Similar titrations on the three rabbits which survived 
infection with the ‘Nottingham April 1955’ strain 
gave figures of 10**, 105° and 10°-* rabbit-infectious 
doses per gm. on the twenty-sixth day after inocula- 
tion, which is rather lower than that usually found 
with Australian attenuated strains at the same stage 
of the disease. Consideration of the factors affecting 
transmission of myxomatosis (Fenner, Day and 
Woodroofe, in preparation) suggests that attenuated 
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SURVIVAL TIMES OF LABORATORY RABBITS INOCULATED INTRADERMALLY WITH ABOUT FIVE RABBIT-INFECTIOUS DOSES OF MYXOMA 
Virus STRAINS RECOVERED FROM NATURALLY OCCURRING CASES OF MYXOMATOSIS IN EUROPE, AND CERTAIN OTHER STRAINS 





Locality of origin Date of isolation 


No. of passag 
laboratory rabbits 


Survival time Mean survival time 


(days) 


es in 





June 1952* 
October 1953 
November 1953 
November 1953 
April 1954 
April 1954 
April 1954 
April 1954 
April 1954 
April 1954 
December 1954 
January 1955 
March 1955 
April 1955 
April 1955 


October 1950* 
December 1953 
1937 


Lausanne 
Edenbridge (U.K.) 
Périgeux (Fr.) 

La Motte Beuve (Fr.) 
Cornwall (U.K.) 
Vienne (Fr.) 

Indre (Fr.) 

Eure (Fr.) 

Seine Inférieure (Fr.) 
Loiret (Fr.) 

Hall (U.K.) 

Belfast (U.K.) 
Gazeley (U.K.) 
Loiret (Fr.) 
Nottingham (U.K.) 
Standard laboratory strain 


KEM13 (Aust.) 
Neuromyxoma (laboratory) 











4 
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several 


1 
1 
1 
1 
1 
0 
1 
1 
1 
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* Dates refer to initiation of epizootics in France and Australia with these two strains. 


+ Forty rabbits. 


S = rabbit survived ; survivors allotted a survival-time of 60 days. 















October 22, 1955 


strains such as ‘Loiret April 1955’ will rapidly replace 
the virulent European strains wherever direct com- 
petition between them occurs. 

We are indebted to colleagues in Europe for sending 
us strains of myxoma virus, especially Drs. P. Lépine 
and H. Jacotot, of the Pasteur Institute, Paris; Mr. 
J. R. Hudson, of the Veterinary Laboratory, Wey- 
bridge ; and Dr. G, Bouvier, Institut Galli-Valerio, 


Lausanne, 
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Frank FENNER 
I. D. MarsHaryi 







Department of Microbiology, 
John Curtin School of Medical Research, 
Australian National University, 








Canberra, 
Aug. 1. 
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Myxoma Virus in Britain 


Ir is well known that myxomatosis has caused a 
high mortality among wild rabbit populations in 
most parts of England and Wales, and in those parts 
of Scotland and Ireland to which the disease has 
spread. Where it has been possible to make accurate 
observations, a mortality-rate of about 99 per cent 
was found. A similar death-rate was usual in Australia 
during the first year (1950-51) of their epizootic, 
but attenuated strains were found from 1953 
onwards}, 

Ever since October 1953, when myxomatosis was 
first notified in Britain, rabbits surviving in areas 
through which the disease has passed have been 
examined for evidence of recovery. Most of these 
rabbits have been found not to have been exposed 
to infection in the wild; but a small number have 
been rabbits recovered from the disease, as indicated 
by the presence of immune bodies in their serum. 
From some rabbits which were apparently recovering, 
strains of virus have been isolated and these have 
proved to be of normal virulence. 

Only in one part of the country, the Sherwood 
Forest area of Nottinghamshire, have attenuated 
strains of virus been found in rabbits. In this area 
estate workers and the Ministry’s field-officers noted 
from April 1955 onwards the presence of an unusual 
number of individuals that appeared to be recovering. 
One of the strains isolated at Weybridge is mentioned 
in the preceding communication from Prof. Frank 
Fenner and Mr. I. D. Marshall, and a brief note on 
them has been published elsewhere*. Myxomatosis 
first appeared in the Sherwood Forest area in Septem- 
ber 1954 and, in spite of a heavy concentration of 
rabbits and the presence of fleas, appears to have 
moved and to be moving very slowly. The mortality 
has been erratic, on some estates less than half the 
rabbits being killed by the disease. Serum samples 
from sixty-four rabbits have been examined, and in 
thirty-two, immune bodies have been present. Four 
strains of virus have been isolated which, when 
inoculated into domestic rabbits, produce a ‘nodular’ 
type of infection. (£dema is less diffuse than in 
typical cases, but the small nodules may cover 
extensive areas and appear anywhere on the body, 
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although usually more numerous on the face and 
ears. During the earlier stages, the oedematous 
nodules contain typical, fully virulent virus, but 
later they shrink and the skin surface dries to 
form a scab; and although the nodules and scabs 
may contain a high titre of virus, it is of reduced 
virulence. 

Recent observations have shown that myxomatosis 
is again moving across the area and three recent strains 
of virus, although not of full virulence, are more 
virulent than those obtained some months ago. 
Immune recovered rabbits will not be killed by this 
second wave, but it is likely that the susceptibles will 
again be reduced in numbers, and the situation is 
being watched closely. 

Fully virulent virus is producing a normal, heavy 
mortality only a few miles to the south. 

Conditions in Britain are so different from those in 
Australia that conclusions based on the behaviour of 
myxomatosis in one country will not necessarily be 
applicable to the other. Mosquitoes are the principal 
vectors of myxomatosis in Australia, and the initial 
spread of the disease was more explosive than in 
Britain, where natural spread has been by the flea 
and has therefore been comparatively slow*. 

It is emphasized that the attenuation of the 
myxoma virus in part of Sherwood Forest is an 
isolated case, affects only a relatively small area, 
and calls for an increase rather than a slackening of 
efforts to destroy surviving rabbits. 

We are grateful to Prof. Fenner for sending us 
a copy of his communication before publication and 
for this opportunity to describe briefly the back- 
ground of the strain to which he refers. 


J. R. Hupson 
Harry V. THOMPSON 


W. Mansr 
Ministry of Agriculture, Fisheries and Food, 
London. 
Oct. 1. 


1 Mykytowycz, R, Nature, 172, 448 (1953). 

* Hudson, J. R., and Mansi, W., Vet. Rec., 67, 746 (1955). 

® _ 7 Ni J., and Thompson, Harry V., Ann. App. Biol., 48, 511 
955). 


Identification of Pseudocholinesterase in the 
Tissues of Ruminants 


Most animal tissues and body fluids contain two 
types of cholinesterase which have been designated 
as true cholinesterase and pseudocholinesterase in 
accordance with their physiological function!. Both 
enzymes are inhibited to about the same extent by 
low concentrations of eserine as well as of prostigmine. 
In order to measure the activities of the two enzymes 
separately in a mixture of both, Mendel e¢ al.? used 
what they considered to be ‘specific substrates’: 
acetyl-8-methylcholine for the true cholinesterase 
and benzoylcholine for the pseudocholinesterase. 
Since the sera and tissues of ruminants do not 
exhibit appreciable eserine-sensitive activity towards 
benzoylcholine, it had been assumed that they do 
not possess any pseudocholinesterase*. However, it 
has recently been found that the spleen of the ox‘ 
and other tissues of ruminants’ contain enzymes 
capable of hydrolysing butyrylcholine, an ester which 
is hydrolysed rapidly by the pseudocholinesterases of 
other species but not by the true cholinesterases‘. 

A study of the characteristics of the cholinesterases 
in ox spleen has shown that approximately 90 per 
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Tabie 1. DIFFERENTIATION OF THE CHOLINESTERASES IN A SUSPENSION 
or OX SPLEEN BY THE USE OF SELECTIVE INHIBITORS 





p(I,50) values (— log of the molar con- 

centration of inhibitor required to produce 

50 per cent inhibition) with the following 
compounds 


N,N’-Diiso- 
propyl phos- 
phorodiamido 

phosphono- fluoridate 

fluoridate (isopestox ; 
(ref. 9) eT} (ref. 





Dimethyl 
carbamate of 
2-hydroxy-5- 
phenylbenzy! 

trimethyl 

ammonium 

bromide (Ro- 

2-0683) (ref. 
11) 


Diisopropyl 





Acetyl- 
8-methyl 
choline 6-5 4°7 

But 
choline 8-5 7-7 





Butyryl- 


choline 8-0 } 


| 
cent of the activity towards butyrylcholine (0-03 M) 
is due to a pseudocholinesterase, and the remaining 
10 per cent to one of the unidentified eserine-resistant 
enzymes similar to those found in other species?>*. 
Approximately 45 per cent of the total activity 
towards acetylcholine (0-03 M) is due to a true 
cholinesterase and the remainder to a pseudo- 
cholinesterase. The activity of the latter enzyme 
reaches @ maximum at high concentrations of acetyl- 
and butyrylcholine, the Michaelis constant (K;) with 
butyrylcholine being 10-* M. Table 1 indicates the 
concentrations of three selective pseudocholinesterase 
inhibitors required to produce 50 per cent inhibition 
of each of the three enzymes mentioned above ; these 
results are very similar to those obtained under the 
same experimental conditions with the pseudo- 
cholinesterases, true cholinesterases and _ eserine- 
resistant esterases of other species’-"". The enzyme 
responsible for the major portion of the hydrolysis 
of butyrylcholine by ox spleen can therefore be 
classified as a pseudocholinesterase which does not 
hydrolyse benzoylcholine at an appreciable rate. 

In this connexion, it might be noted that the rela- 
tive activity of the pseudocholinesterases of other 
species towards benzoylcholine varies considerably 
and is very low, for example, in the case of the 
pseudocholinesterases from mouse and chicken’. 
Although benzoylcholine has been very useful as a 
specific substrate for the identification and measure- 
ment of pseudocholinesterase activity in most species, 
it is evident that the use of benzoylcholine for this 
purpose has led to incorrect conclusions* concerning 
the occurrence of pseudocholinesterase in the tissues 
of ruminants. These results, together with those of 
recent investigations®»!*, which show that butyryl- 
choline is hydrolysed much more rapidly than 
benzoylcholine by the pseudocholinesterases of many 
species, make it advisable to measure pseudo- 
cholinesterase activity with butyrylcholine as first 
advocated by Cohen et al.*. 

For identification of cholinesterases, however, it 
seems safer not to rely on the use of ‘specific’ sub- 
strates. None of these substrates is in fact specifically 
hydrolysed by one esterase only; acetyl-§-methyl- 
choline is hydrolysed by the pseudocholinesterases of 
avian species*»!*,1%, and both benzoyl- and butyryl- 
choline are hydrolysed by eserine-resistant esterases 
in certain cases*,?,*. Because of such exceptions the 
best method for identification of the cholinesterases 
appears to be the use of selective cholinesterase 
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inhibitors in combination with the substrates acetyl. 
choline, butyrylcholine and _ acetyl-8-methylchol. 
ine*»!2,18, Of the three selective inhibitors tested in 
this investigation (Table 1), only two are generally 
applicable, since diisopropyl phosphonofluoridate algo 
inhibits various eserine-resistant esterases’>*. 


B. MEenDEL 
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Pharmaco-therapeutic Laboratory, 
University of Amsterdam. 
July 27. 


Mendel, B., and Rudney, H., Biochem. J., 37, 59 (1943). 
8 eS. Mundell, D. B., and Rudney, H., Biochem. J., 37, 473 


* Mendel, _ Bama Rudney Science, 100, 499 (1944). 
J. M., Nature, 157, 369 ies Mendel, B., and Myers 
Nature, a 928 (1952). 

* Bannister, J., Whittaker, V. P., and Wijesundra, S., J. Physiol, 
121, 55 (1953). 

5 —, >. ane Risley, J. E., and Rutland, J. P., Biochem. J., 58, 
xv (1953 

*Cohen, J. A., Kalsbee and Warringa, M. G. P. J., Acta Brev. 
Neerland. Physiol., 17. Fe (1949). 

? Koelle, G. B., Biochem. J., 58, 217 (1953). 

* Myers, D. “e Biochem. J., 55, 67 (1953). 

* Hawkins, R. D., and Mendel, B., Brit. J. Pharmacol., 2, 173 (1949). 

% Aldridge, W. N., Biochem. J., 53, 62 (1953). 

1! Hawkins, R. D., and Gunter, J. M., Biochem. J., 40, 192 (1946). 

12 Austin, L., and Berry, W. K., Biochem. J., 54, 695 (1953). 

us — and Thompson, R. H. S8., Brit. J. Pharmacol., 7, 261 
(1952). 


Gunter, 
» DK, 


Site of Virus-like Particles in Rous Fowl 
Sarcoma Cells 


A SIMPLE and reliable technique has been evolved 
for preparing freshly collected ascites tumour cells 
for electron microscopy'. It makes use of the fact 
that when such cells are incubated under appropriate 
conditions and are brought into contact with ‘Form- 
var’-coated slides, they change shape within a few 
minutes of gaining a grip on the ‘Formvar’. The 


—) 
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Fig. 1. Part of a thinly spread Rous ascites tumour cell. Fila- 

mentous mitochondria are scattered in the cytoplasm, which also 

contains the —— reticulum and osmiophilic lipoid bodies. 

Numerous dense virus-like particles are present in one of the 

vacuoles in the field. Fixation over osmium vapour was started 

when the cell had been in vitro for 17 min, and was continued for 
21 hr. Electron micrograph, x 5,000 
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Fig. 2. Two vacuoles from another Rous ascites cell prepared 
as that of Fig. 1, and showing the virus-like particles at higher 
magnification. Electron micrograph, x 15, 


change is from the round form of the free dispersed 
single cells to a spindle form, and an early stage in 
the transformation consists of the cells spreading 
widely and becoming extremely thin. Ascites tumour 
cells spread thinly in this way are very suitable for 
electron microscopy ; they can be fixed over osmium 
vapour and transferred easily to electron microscope 
specimen grids with samples of the ‘Formvar’ to 
which they adhere’®. 

This method avoids the labour and uncertainty of 
the tissue culture technique for preparing cells for 
electron microscopy*, allows the cells to be prepared 
in large numbers and makes it unnecessary to keep 
them for many hours in an unnatural in vitro environ- 
ment. It has been applied to the single dispersed 
tumour cells of an ascites form of the Rous No. 1 
fowl sarcoma‘, in which all, or at the worst almost 
all, the cells flatten out under the conditions used. 
Thus, preparations made in this way avoid the 
problems of santpling inherent in the examination of 
ultra-thin sections of Rous sarcoma material. 

Some 12,000 well-preserved Rous ascites cells from 
seven different tumours have been examined in the 
electron microscope. In some of the cells from four 
of these tumours, virus-like particles slightly less than 
0-lu in diameter have been observed ;_ in the other 
three tumours, no cells with particles were found, 
although about two thousand cells were examined 
from each. When cells with particles have been 
present, their incidence has varied from tumour to 
tumour, ranging from less than 1 in 2,000 cells to 
1 in 50 cells; it has, however, been constant for all 
the preparations made from any one tumour, thus 
arguing against a chance artefact being responsible 
for the appearances in question. The particles have 
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always been found.grouped together in one or more 
of the vacuoles common in this type of cell (Figs. 1 
and 2) and are readily seen by phase-contrast micro- 
scopy when the cells are alive. No particles have been 
observed free in the cytoplasm of the cells of the 
present series, although cytoplasmic structure is well 
preserved by the technique used (Fig. 1). 


M. A. Epstermn 


Bland-Sutton Institute of Pathology, 
The Middlesex Hospital, 
London, W.1. 
Aug. 17. 
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Role of 5-Hydroxytryptamine in Mental 
Diseases and its Antagonism to Lysergic 
Acid Derivatives 


THE possibility that 5-hydroxytryptamine plays 
a part in abnormal mental processes has been dis- 
cussed by Gaddum! and by Woolley and Shaw*. The 
hypothesis is based’ on the findings that this sub- 
stance is a natural constituent of nervous tissue, 
particularly of the brain’, and that certain of its 
actions are antagonized by lysergic acid diethyl- 
amide‘, a drug which on oral application and in 
doses of only 0-5—1-0 ugm./kgm. produces pronounced 
psychic disturbances in normal human _beings®. 
According to this hypothesis, the effects of lysergic 
acid diethylamide result from its antagonistic effect 
on the 5-hydroxytryptamine in the brain. 

In the course of screening derivatives of lysergic 
acid diethylamide for 5-hydroxytryptamine-blocking 
effects, we have found in 2-brom-d-lysergic acid 
diethylamide, coded BOL 148, a compound which, 
like lysergic acid diethylamide, strongly antagonizes 
certain effects of 5-hydroxytryptamine, but unlike 
lysergic acid diethylamide does not produce abnormal 
psychic disturbances. The introduction of one 
bromine atom into the molecule of lysergic acid 
diethylamide thus completely alters its activity ; it 
loses the characteristic property of producing psychic 
disturbances in man but retains the strong anti- 
5-hydroxytryptamine action. 

When comparing the central and peripheral effects 
of lysergic acid diethylamide with those of BOL 148, 
pronounced differences were found’. In normal and 
waltzing mice, lysergic acid diethylamide causes 
excitation, whereas BOL 148 has a sedative effect. 
In cats, small doses of the former cause a fall in 
arterial blood pressure and bradycardia, whereas the 
latter, tested in doses up to 1 mgm./kgm., was prac- 
tically inactive. Again, the former has a strong 
stimulating effect on the rabbit uterus in situ, 
whereas the latter is practically inactive. We have 
also tested BOL 148 on ourselves and on some of 
our laboratory staff. It never produced signs of 
mental or psychic disturbances such as we regularly 
observed after lysergic acid diethylamide, even when 
used in doses twenty times as great. There was only 
a certain sedative action, consisting in a feeling of 
general fatigue and sometimes slight nausea. 

In spite of the fact that the pharmacological effects 
of BOL 148 differ so completely from those of lysergic 
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acid diethylamide in animals as well as in humans, 
it was found to share with the latter the strong 
anti-5-hydroxytryptamine action. 7 had 
shown that lysergic acid diethylamide is a strong 
antagonist to 5-hydroxytryptamine on the isolated 
rat uterus. On this preparation and on the isolated 
perfused kidney of the rat, BOL 148 was found to 
be an even stronger antagonist, being about one and 
a half times as active. In other tests BOL 148 was 
found to have approximately the same anti-5- 
hydroxytryptamine action as lysergic acid diethyl- 
amide, for example, in antagonizing the effects of 
intra-aortic injections of 5-hydroxytryptamine on 
the arterial blood pressure and the renal and mes- 
enteric blood flow of the cat, in blocking the broncho- 
constrictor effect of 5-hydroxytryptamine and in 
antagonizing its potentiating effect on barbiturates. 
The anti-5-hydroxytryptamine effect of BOL 148 is 
highly specific ; in doses which fully antagonized the 
action of 5-hydroxytryptamine, BOL 148 showed no 
signs of an: antihistamine, antiadrenaline or anti- 
acetylcholine effect. 

As the hypothesis of the cerebral functions of 
5-hydroxytryptamine is based to a great extent on 
the fact that lysergic acid diethylamide is a strong 
antagonist of 5-hydroxytryptamine, the present find- 
ing that BOL 148 is as active as lysergic acid diethyl- 
amide in antagonizing 5-hydroxytryptamine but 
produces none of the mental disturbances makes it 
necessary to reconsider this hypothesis. It cannot 
be argued that BOL 148 lacks cerebral actions because 
it does not penetrate into the brain tissue; the 
sedative action it produces is a central effect. In 
addition, after an injection, BOL 148 could be 
detected in the same indirect way as lysergic acid 
diethylamide in extracts of the brain, when tested 
for anti-5-hydroxytryptamine activity. Brain ex- 
tracts of mice previously injected with either BOL 148 
or lysergic acid diethylamide exerted anti-5-hydroxy- 
tryptamine activity®. 

Our results with BOL 148 thus make it difficult 
to correlate the psychic effects of lysergic acid 
diethylamide with its anti-5-hydroxytryptamine 
property. At present, we are not justified in assuming 
a causal relationship between these two properties 
of lysergic acid diethylamide, although it may 
eventually be found that the 5-hydroxytryptamine 
in the brain is involved in the central actions of 
lysergic acid diethylamide. The mere fact of 4 
pharmacological antagonism between lysergic acid 
diethylamide and 5-hydroxytryptamine, however, 
no longer provides evidence for the hypothesis that 
inhibition of the latter in the brain is the cause of 
the mental disturbances. 


A. CERLETTI 
E. RorHrirm 


Department of Pharmacology, 
Sandoz, Ltd., Basle. 
Aug. 11. 
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Transfer of Proteins from the Yolk 
to the Chick Embryo 


Tue transfer of antibodies from the mother to the 
foetus in certain mammals, and from the hen to the 
egg yolk and thence to the embryo in birds, is wel] 
established. Whether proteins other than antibodies 
are thus transferred is still open to question. Despite 
our lack of knowledge on this topic, it is generally 
thought, as Buxton’ recently pointed out, that pro. 
teins pass from the blood or tissues of the hen as 
hydrolytic products which are reassembled into 
proteins within the ovum. Because of the proteolytic 
activity of the yolk sac and its contents, a similar 
mechanism is supposed to account for the passage 
of protein from the yolk into the circulation of the 
embryo. 

We found recently* that, after intravenous in. 
jection into the hen, bovine y-globulin and crystalline 
albumin, and whole lobster and rat sera are readily 
detected in the yolk by serological means. Further 
study of the bovine serum fractions in the yolk 
showed that they retained their respective electro. 
phoretic mobilities on filter paper and could be dis. 
placed like the original proteins by ultracentrifuga- 
tion. The bovine proteins deposited in the yolk do 
not interfere with development, since we have reared 
a number of the chicks to maturity and normal 
reproduction. 

The experiments have now been extended to the 
passage of proteins from the yolk sac into the embryo. 
0-3 or 1-0 ml. of 5 per cent solutions of Armour’s 
bovine y-globulin and crystalline serum albumin were 
injected into the yolE sacs of chick embryos varying 
in age from three to nineteen incubation days. 
Embryos older than six days were bled from the 
vitelline or allantoic arteries after various intervals 
of time; younger embryos were extracted in toto 
with 0-9 per cent saline. Rabbit antisera previously 
shown not to react in precipitin tests with rat, human 
and embryonic and adult chicken sera were used to 
detect bovine protein activity in the embryonic sera 
and body extracts. Fig. 1 shows the results obtained 
with y-globulin. Fewer experiments have been done 
with albumin, but positive tests at consistently lower 
titres have been obtained. 

Bovine y-globulin was not detectable in sera or 
extracts prior to eight days of incubation. In the 
period between ten and fifteen days incubation, both 








y 





y-globulin activit 


infembryonic serum 











Titres of bovine 





—_ 
[°) 














4567690 2S 468 6 
Age of embryos (days) 
Fig. 1. Short vertical lines indicate when bovine y-globulin was 


injected into the yolk sac. Black circles show when embryos were 
bled or extracted. * indicates pools of two or more embryos 





Le 


'Buxt 
'Knig 
‘Brat 

yi 
‘Jung 
‘Bux 
‘Brat 


susce 
prod 
glue 
4-cal 


October 22, 1955 


positive and negative results were common. We have 
reason to believe that negative tests are obtained 
when the injected protein solution flows to regions 
of the yolk sac where it is not in contact with the 
yolk sac membrane. Chicks at sixteen—-twenty days 
of incubation invariably showed bovine protein 
activity in their serum. These results agree rather 
closely with those on the uptake of antibody from 
the yolk. According to Brandly et al.*, Dzierzgowski 
(1901) found that diphtheria antitoxin may pass from 
the yolk into the embryo “during the first 10 days” 
of incubation. Antibody which neutralizes the virus 
of infectious bronchitis of the chicken first appears 
in the serum of ten-day embryos‘. Non-agglutinating 
antibodies for Salmonella pullorum were found on the 
eleventh day (younger embryos were not tested), 
but agglutinating antibodies were not detectable 
until the fifteenth-seventeenth days®. Neutralizing 
antibodies for Newcastle disease virus were detect- 
able in the serum between twelve and fifteen days 
of incubation®. 

Brambell et al.* injected antisera produced in the 
pigeon and in a number of mammals into the yolk 
sacs of chicks at the sixth and eighth days of incuba- 
tion and were able to detect only the pigeon anti- 
7 bodies in the circulation. It is not stated explicitly 
when the chicks were bled, but we infer this was 
done after hatching. If this is true, their results do 
not necessarily conflict with ours, since the mam- 
malian antibodies may be cleared from the serum 
within eight-ten days, as are heterologous antibodies 
in the rabbit’. 
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Patricia F. Knicut 


Department of Zoology, 
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Los Angeles 24, California. 
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Reaction of Alloxan with Ascorbic Acid 


Ir has been reported from this laboratory! that, 
although acetoacetate alone causes an increase in the 
susceptibility to alloxan diabetes in rabbits, the 
product prepared by condensing acetoacetate with 
glucose (namely, 2-tetrahydroxy butyl, 5-methyl, 
‘-carboxy furan), in the form of its sodium salt, 
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when injected intraperitoneally or intravenously in 
rats and rabbits in the proportion of 1-5:1 with 
alloxan or even less, can prevent alloxan diabetes’. 
It has also recently been shown by Nath and Bhatta- 
thiry (unpublished results) that 1:2 dienol glucose, 
which is liberated from this condensation product 
on hydrolysis, reacts with alloxan. 

West and Rinehart* observed that ascorbic acid, 
another endiol compound, reacts with ninhydrin to 
give rise to hydrindantin and dehydroascorbic acid, 
which then loses a molecule of carbon dioxide, 
presumably through decarboxylation. Since alloxan 
is structurally similar to ninhydrin and because 
alloxan reacts with the endiol glucose, attempts were 
therefore made to see if a similar reaction could also 
be detected between ascorbic acid and alloxan, and 
if so what were the products of such reaction. 

Vitamin C and alloxan in molecular proportions 
of 1:1 and 1:2 in phosphate buffer pH 7-2 were 
allowed to react at 30°, the mixture being shaken 
constantly. Blank experiments with vitamin C alone 
were conducted under identical conditions. The 
vitamin C content of the mixture as wel! as in aliquot 
parts was determined from time to time by the 
modified titrimetric method of Bessey‘. 

Dehydroascorbic acid formed during the reaction 
was also determined according to the method of Roe 
and Keuther*®, and whether a portion of it was lost 
due to its further transformation to something else 
was also calculated after the reaction had gone on 
for 30 min. The results are shown in Table 1. 

It was observed by West and Rinehart*® that 
dehydroascorbic acid formed during the reaction of 
ascorbic acid with ninhydrin undergoes decarboxyla- 
tion, presumably through the hydrolysis of its lactone 
bridge and subsequent loss of carbon dioxide and 
production of J-xylosone. Attempts were therefore 
made to find out if the loss of dehydroascorbic acid 
in this reaction can also be accounted for through 
its further transformation as above and the liberation 
of carbon dioxide. 

The gas evolved in the reaction between ascorbic 
acid and alloxan was also detected as carbon dioxide, 
which was estimated quantitatively by using 100 
times the quantity of the reacting substances used 
in the above experiment. Carbon dioxide was esti- 
mated by absorption in a standard solution of 
potassium hydroxide by the usual method. In 
the first experiment, when 88 mgm. of ascorbic acid 
was allowed to react with an equimolar quantity of 
alloxan (namely, 71 mgm.), dehydroascorbic acid lost 
was found to be 11-6 mgm. and carbon dioxide 
evolved 2:57 mgm.; and in the second experiment, 
when the molar proportion of the constituents was 
1:2, the amount of dehydroascorbic acid lost was 
22-5 mgm. and carbon dioxide evolved 4-60 mgm. 

22-5 mgm. of dehydroascorbic acid on decarboxyla- 
tion should yield 5-5 mgm. of carbon dioxide, which 


Table 1 





No. of 
reactions 


Contents of reaction mixture 
(10 c.c.) 


Ascorbic acid (mgm./10 c.c.) after : 
2 15 30 


Total ascorbic acid | Dehydro- 
(including dehydro- | ascorbic acid 
ascorbic acid cal- 
culated as ascorbic 
min. acid) after 30 min. 

(mgm./10 c.c.) 





Ascorbic acid, 0-88 mgm., and 
alloxan, 0-71 mgm. (1:1 mol. 


prop.) 
Ascorbic acid, 0-88 mgm., and 
alloxan, 1-42 mgm. (1 : 2 mol. 


prop.) 
Ascorbic acid only, 0-88 mgm. 








0:35+0 00 0-7640-01 


0-6840-01 


0-20+0 
0-8630-01 


0-63+0-01 








0-0 
0-5440:12 
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from non-labelled sources. It is thus concluded that 
in liver-slice experiments more favourable conditions 
for glucose oxidation are produced by the addition 
of thioctie acid to the buffer and, conversely, in such 
experiments there is normally some difficulty in the 
decarboxylation of pyruvic acid, although action of 
the coenzyme at another point in the metabolic 
thway cannot be excluded. 

We thank the Australian National Health and 
Medical Research Council for financial support and 
Eli Lilly and Co. for support and a gift of thioctic 
acid. 
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Inhibition of Acyl Trypsins by Human 
Serum 


THERE is in blood a relatively high concentration 
of a specific trypsin inhibitor, the nature and identity 
of which are not fully established. In the presence of 
salts, it seems to form a stable stoichiometric addition 
complex with the enzyme, which is practically un- 
dissociated and enzymatically inactive!. Similar 
complexes also prevail between the enzyme and a 
score of other natural inhibitors, whereby, in the case 
of ovomucoid, complex formation can be largely 
prevented by chemical modification of trypsin’. 
Thus it was recently shown that the trypsia — ovo- 
mucoid complex has a dissociation constant K, = 
5-8 x 10-* M, whereas acetylated trypsin is inhibited 
to a much lesser degree, the dissociation constant 
being higher*® by a factor of about 10?. 

In view of the reported use of trypsin in the 
intravenous treatment of inflammations and embol- 
isms*s5, it appeared of interest to compare the 
resistance of various acylated trypsins* to the 
inhibition by human serum. Inhibition was determ- 
ined by measuring the activity of a constant amount 
of crystalline native trypsin or its acylated derivatives 
(0:06 mgm. per total digestion volume of 7 ml., 
using casein as substrate) in the presence of increasing 
concentrations of serum. <A few typical curves are 
presented in Fig. I. In the case of trypsin, ‘the 
activity decreases linearly with the increase of serum 
concentration up to about 3 x 10-* ml. of serum 
per ml. of digestion mixture. This is the behaviour 
expected when a stable and inactive addition com- 
plex is formed between the enzyme and the inhibitor 
contained in the serum. By extrapolation of the 


straight portion of the curve, the stoichiometric 
equivalence point between enzyme and inhibitor can 


be established, the dissociation constant of the 
addition complex being then calculated from the 
residual tryptic activity at that point. For trypsin, 
the calculated value is K = 2:2 x 10-°°M. Acetyl 
trypsin, in contrast to its behaviour towards 
ovomucoid, is still strongly inhibited (dissociation 
constant K = 5:2 x 10-°M), but for the other 
derivatives the inhibition decreases in the order : 
propionyl trypsin (K = 1-5 x 10-* M), butyryl tryp- 
sin (K =1-1 x 10-7 M), itaconyl trypsin (K = 
1-4 x 10-7 M) and citraconyl trypsin (K = 1-5 x 
10-7 M). From Fig. 1 it can be seen that there is a 
good agreement between the experimental points and 
the curves calculated from the observed dissociation 
constants. 
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Fig. 1. Relative tryptic activities in presence of increasing 
concentrations of human serum. Enzyme: @, trypsin; O, 
propionyl trypsin; x, citraconyl trypsin 


The proteolytic activity of the acylated enzymes 
is slightly lower than that of the native enzyme, but 
is of the same order of magnitude. The actual de- 
crease in activity depends on the nature of the acyl 
residue, as well as on the substrate with which it is 
measured*®. The regular series of increasing dissocia- 
tion constants of the enzyme-inhibitor complexes 
from acetyl- to citraconyl-trypsin follows clearly the 
increasing molecular volume of the acyl substituent. 
Thus it would appear that the increased resistance 
of acyl trypsins towards inhibition is not due to the 
blocking of the amino-groups, which were claimed 
to be essential for inhibition of ovomucoid?, but can 
be more readily explained on the basis of steric 
hindrance. This steric hindrance may be of sig- 
nificance in explaining the mechanism of the inhibi- 
tion of trypsin, as no effects of comparable magnitude 
(10?) were observed in the action of acyl trypsins on 
various substrates®. 

Trypsin acts also on other components of blood. 
Thus its clinical use is being justified by its direct 
fibrinolytic activity as well as by its activation of the 
fibrinolytic system of the blood. Large concentra- 
tions of enzyme act also preventively, by the pre- 
ferential digestion of fibrinogen, which has a high 
content of lysine and arginine residues, whereas the 
other globular proteins of the blood are relatively 
resistant to tryptic action, at least in the native 
state*5, It is significant, however, that when trypsin 
is injected rapidly into the blood stream, it causes 
immediate death of experimental animals by giving 
rise to extensive local blood clotting®»?. Successful 
trypsin therapy seems to depend, therefore, to a great 
degree on a very slow rate of injection, maintaining 
at all times a delicate balance between the fibrinolytic 
and the blood-clotting activities of the enzyme. This 
is difficult to achieve, as large amounts of enzyme 
(up to 250 mgm. per rabbit were employed) are 
required to overcome the high concentration of serum 
inhibitor present. It is felt that the use of acylated 
trypsins, particularly the higher members of the 
series, would largely overcome this inconvenience, as 
they would maintain some of their enzymatic activity 
in the presence of an excess of inhibitor. 
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Characterization of a Second Pigment 
in Strawberries 
THE major pigment of the cultivated strawberry 
is pelargonidin-3-glucoside’*. Studies reported in 
1951 to the National Preservers Association showed 
that commercial varieties Marshall, Brightmore, 


Sovereign and Shasta contained a second antho- 


cyanin in low concentration. We now present 
evidence that the pigment is cyanidin-3-glucoside. 

The pigments were isolated by precipitation from 
n-butanol as their hydrochlorides'.. Enrichment in 
the minor pigment was effected by adsorption on 
neutral aluminium oxide, using water as solvent. 
Complete separation was made on a cellulose column 
with a mixture of n-butanol and 2 N hydrochloric 
acid*. After concentration of the effluent under 
vacuum, the hydrochloride was precipitated, purified 
as the picrate and reconverted to the hydrochloride. 

The aglucones of the pigment and of cyanidin-3-5- 
glucoside, from red roses, were prepared by hydro- 
lysis with 5 N hydrochloric acid. These were chrom- 
atographed on paper, using butanol — 2 N hydrochloric 
acid*. The Rp values were 0-64 and 0-64 respectively. 
The absorption spectrum of the aglucone was identical 
with that of cyanidin, in 0-001 M hydrochloric acid 
in ethanol. 

The unknown anthocyanin was chromatographed 
together with chrysanthemin (cyanidin-3-glucoside). 
The observed Rp values in a butanol/acetic acid/water 
solvent were 0-32 for both. Ry values of cyanidin-3- 
glucoside in this solvent have been reported as 
0-395*, 0-333 and 0-304. The addition of sodium 
carbonate to the solution of the unknown pigment pro- 
duced a blue colour, identical with that given by a 
crimson carnation extract®. A positive reaction with 
iron was also noted. 

The unknown sugar was chromatographed with 
glucose and with galactose, and gave Ry values in 
phenol/water and butanol/acetic acid/water identical 
with glucose. In a 2-day chromatogram with ethyl 
acetate/acetic acid/water*, the unknown co-chromato- 
graphed with glucose and not with galactose. An 
osazone prepared from a paper eluate had the crystal- 
line form of glucosazone. 
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The mono-glucosidic nature of the pigment wags 
evident by its Rp value, intermediate between 
cyanidin and cyanidin-3-5-diglucoside*. 

In all varieties tested, the evidence indicates the 
pigment is a mono-glycoside and the aglucone 
cyanidin. In the Shasta and Marshall varieties, the 
sugar moiety appears to be glucose. 


A. LuxKTon 
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1: 8Dimethyldibenzothiophen in a Kuwait 
Mineral Oil Fraction 


Durine examination of a fraction of a Kuwait 
(Middle East) mineral oil, I isolated, some time ago, 
a small amount of a colourless crystalline substance 
of melting point 152-153° which appeared, from its 
elementary ‘analysis and _ ultra-violet absorption 
spectrum!, to be a dimethyldibenzothiophen or its 
equivalent (found: C, 79:2; H, 6:3; S, 14:3; 
calc. for C,,H,,S: C, 79-2; H, 5-7; S, 15-1 percent). 
Amax. 238, 257, 265, 273, 283, inflex. 303, 313, 327 my 
(log ¢, 4-66, 4-09, 3-97, 3-83, 3-88, (2-16), 2-39, 2-52). 
The substance formed an unstable orange-yellow 
picrate of melting point 129-130° (found: N, 9:9; 
calc. for C,,H,,S.C,H,O,N,: N, 9-5 per cent) and 
a yellow s-trinitrobenzene complex of melting point 
154-155° (found : N, 9-5; C,,H,,S.C,H;0,N, re- 
quires N, 9-8 per cent), but could not be desulphurized 
with Raney nickel in boiling ethanol*. In this it 
resembled 1-methyldibenzothiophen, which Mr. J. R. 
Crowder in this laboratory was unable to desulphurize 
with Raney nickel in ethanol, although dibenzo- 
thiophen itself was converted to diphenyl in 50 per 
cent yield (compare Gilman and Esmay*). This 
suggested the presence of a substituent in a position 
flanking the sulphur atom, but with the very small 
amount of material available it was impracticable 
at the time to elucidate the structure of the com- 
pound completely. It has now been identified, by 
mixed melting point, as the then unknown 1: 8- 
dimethyldibenzothiophen (m.p. 153-154°) which 
Kruber and Raeithel have recently isolated from a 
coal tar fraction‘. These authors were likewise unable 
to desulphurize this compound, and also noted the 
formation of an unstable picrate of melting point 
130-131°. I am grateful to Dr. Kruber for furnishing 
me with a specimen of the pure compound for mixed 
melting point determination. So far as I am aware, 
this is the first derivative of dibenzothiophen to be 
isolated from a mineral oil source. 

The starting material for this investigation was 4 
fraction, boiling range 330-350°, of a Kuwait crude 
oil. This had been obtained by distillation under 
reduced pressure and was extracted with furfural’ at 
room temperature, and the aromatic concentrate 80 
produced treated with picric acid in ethanol. The 
bright red picrate, after several crystallizations from 
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ethanol, was decomposed with sodium hydroxide and 
the resulting oil chromatographed on alumina. Elu- 
tion with petroleum ether containing increasing 
proportions of benzene afforded fractions from which 
] ; 8-dimethyldibenzothiophen crystallized at — 70°. 
{he crude material was purified by crystallization 
from ethanol and from cyclohexane. 
1 This work was supported by a grant from the 
Medical Research Council. I am indebted to Prof. 
1) F. Morton, of the University of Birmingham, for 
supplying the oil fraction for this investigation, and 
to Dr. J. W. Cook for his interest in its progress. 
| Microanalyses were carried out by Mr. J. M. L. 
7 Cameron and Miss M. Christie. 


No. 4486 


W. CARRUTHERS 


Chemistry Department, 
University, 
Glasgow, W.2. 


. ‘Ohaix, M., Bull. Soe. Chim, 88,700 (1983), and Ray, 
/ , a J. Amer. Chem. Soc., 74, 4120 ( 

k, F. F., and Sheets, D. G., J. Amer. pam Soe., 70, 3768 (1948) ; 
71, 4010 (1949). 


Sawicki, E., 
952). 


i Blick 


| ‘Gilman, H., and Esmay, D. L., J. Amer. Chem. Soe., 75, 2947 (1953). 


"] ‘Kruber, O., and Raeithel, A., Chem. Ber., 87, 1469 (1954). 
4 ‘Kemp, L. C., Hamilton, G. B., and Gross, H. H., Indust. Eng. Chem., 
40, 220 (1948). 


Nucleophilic Substitution in Vinylic 
Halides 


9 Noctrormmic substitution of a halogen atom 

directly attached to a double bond, as in the vinyl 
and phenyl halides, does not readily take place!-*. 
Nevertheless, cases of substitution in vinylic halides 
are recorded in the literature‘, and facile substitution 
has been reported for compounds containing electron- 
withdrawing substituents in the §-position with 
respect to the halogen’. An obvious analogy exists 
with aromatic systems in which, as has been demon- 
strated by numerous experiments, nucleophilic sub- 
stitution occurs readily only when electron-with- 
drawing groups are present at suitable positions in 
the ring. 

In vinylic halides which can exist in geometrical 
isomeric forms, the steric course of substitution is 
of special interest since information about the geo- 
metry of the transition state can, in principle, be 
obtained. We have examined the products and 
7 kineties of substitution in the ethyl-§-chlorocroton- 
7 ates, the configurations of which are known’. 

Both forms readily underwent bimolecular reaction, 
in ethanol solvent, with thioethoxide, thiophenoxide, 
4 ethoxide and phenoxide ions. An examination of 
4 products showed that with ethoxide ions or phenoxide 

ions the same product was obtained from both 


Table 1 
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chloroesters.. With thioethoxide ions, however, two 
products were obtained, their relative amounts 
depending on which chloroester was used. These 
two products, which we wilt! call the higher boiling- 
point (and lower boiling-point) isomers, had very 
similar ultra-violet spectra and both gave aceto- 
acetic ester on mild treatment with acid. All the 
evidence indicated that they were the isomeric ethyl 
6-thioethoxycrotonates. Essentially similar results 
were obtained with thiophenoxide ions as nucleophilic 
reagent. It was found that with appropriate pre- 
cautions and under conditions in which isomerization 
of factors and products was shown not to occur, 
the products of reaction could be isolated in about 
90 per cent yield. The results are illustrated in Table 
1; kinetic data refer to solutions of concentrations 
approximately M/20. 

A comparison of the infra-red spectra of the 
thioethoxy-esters with those of the chloro-esters 
showed that, although no unequivocal assignment 
of the bands could be made, the spectra in the range 
600-1,700 cm.-! were best interpreted on the assump- 
tion that the lower boiling-point and higher boiling- 
point thioethoxy-esters had the cis and trans con- 
figurations respectively. Examination of the pro- 
ducts obtained by treatment of the thioethoxy-esters 
with Raney nickel led to the same conclusion. 
From the lower boiling-point isomer we isolated, 
after cautious hydrolysis of the products of the 
reaction, cis-crotonic acid in about 30 per cent yield ; 
the higher boiling-point isomer, under the same 
conditions, gave trans-crotonic acid in similar yield. 
On the basis of this assignment, it is seen that the 
reactions proceed largely, though not completely, 
with retention of geometrical configuration. 

The transition state in substitution at a vinylic 
centre has been discussed by Bunnett? and Gold*. 
The most acceptable model for the present case is 
that in which the valency bonds at the carbon centre 
undergoing substitution become, or tend to become, 
tetrahedrally arranged. Since an extra p-orbital is 
required to form the sp* hybrids, the double bond is 
lost in the transition state and the carbon atom 
adjacent to the centre of substitution acquires a 
negative charge. On this view, and ass that 
no rotation occurs in the transition state, substitution 
should proceed, in a synchronous process, that is, 
in the absence of a definite intermediate adduct, with 
retention of geometrical configuration and should be 
enormously facilitated in those molecules containing 
a group capable of delocalizing the negative charge 
formed in the transition state. 

It is clearly possible to extend this formulation 
to include the existence of an intermediate of con- 
siderable stability. The longer the life of such an 

intermediate the greater 
will be the degree of iso- 
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intermediate replaces the 
double bond of the original 
compound. The reactions 
of the ethy! B-chlorocroton- 
ates with thioethoxide ions 
result in predominant re- 
tention of geometrical con- 
figuration and are best 


Ethyl Cre 

(m.p. °C) 

8 per po lower b.p. isomer 
92 per cent higher b.p. isomer 
Ethyl £-ethoxycrotonate 

(m.p. 30-2° C. 

81 per cent lower b.p. isomer 
19 per cent higher b.p. isomer 
87 per cent lower b.p. isomer 
13 per cent higher b.p. isomer 








k, and E are expressed in gm. mole. min.-! and keal.mole-. 


* - in the parent compounds, cis and trans refer to the configuration of the methyl and carbethoxy 


groups. 


considered, therefore, as 
proceeding through a short- 
lived intermediate : 
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Ethyl 8-chloro-trans-crotonate ob, 

From studies on the corresponding unsubstituted 
compounds, the carbethoxy group was found to 
increase reactivity by a factor of about 10°. This 
large effect can be understood on the formulation 
given, since, as Bunnett? has pointed out, one of the 
reasons for the inertness of simple vinylic halides 
may well be that the carbon atom adjacent to the 
centre of substitution does not readily accept a 
negative charge. 

The reactions with ethoxide ions in which only 
one product was isolated whichever chloro-ester was 
used may involve an intermediate of longer life ; or 
alternatively, the isomer which was not found may 
be unstable under the experimental conditions. Since 
all attempts to prepare this isomer failed, we are, 
at the moment, unable to distinguish between these 
possibilities. 

We thank Profs. E. D. Hughes and C. K. Ingold 
for their help and encouragement, and Dr. P. B. D. 
de la Mare, Dr. E. S. Graham and Mr. T. M. Dunn 
for much valuable discussion. Thanks are also due 
to Dr. D. J. Millen and Mr. D. Watson for measure- 
ments of the infra-red spectra and for valuable 
discussion, and to Mr. D. V. Banthorpe for carrying 
out the experiments with Raney nickel. 
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A Generalization of the Concept of Acid- 
Strength and Acidity 


Ar the present time it is still difficult to compare 
the strengths of acids dissolved in different solvents 
either on an experimental or a theoretical basis. The 
acidity constant K, as defined by Bronsted is merely 
a measure of the strength of the acid in the given 
solvent. The acidity-functions as proposed by 
Hammett! and others* give only experimental means 
of comparing the acidity of various solutions. 

We suggest that Gurney’s idea* of an energy of 
proton-transfer enables one to define a universal acid- 
strength function which has a clear physical meaning. 
According to Gurney, the probability of a proton- 
transfer from an acid molecule to a solvent molecule 
is proportional to exp (— J/kT'), where J is the energy 
of the proton-transfer, given by : 


J = —kT.\gK, +k? .1gM (1) 
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where M is the number of moles of 
solute in 1,000 gm. of solvent. If we 
call the energy of proton-transfer for 
the solvent molecule itself (autoproto. 
lysis) Jz, any molecule for which J > J, 
will not behave like an acid in the given 
solvent. On the other hand, any mole. 
cule for which J <0 will dissociate ep. 
tirely in the given solvent and will be a 
strong acid. Under these conditions, the function 
Jo —J log K,/K 


os g = — 
J Jo log K, 
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= logKe Ko/K (2) 


is a universal acid-strength function, tending towards 
1 when J tends towards 0 (strong acid) and tending 
towards 0 when J tends to J, (very weak acid). 
(In the preceding formula, K, = k,/M* and K = 
K,/M, where k, is the autoprotolysis constant of the 
solvent.) 

Gurney distinguishes two parts in J, namely, J, 
which depends only on the differences between the 
lowest quantum energy-levels of the particles before 
and after the proton transfer (intrinsic proton-transfer 
energy), and J,, which takes into account the electro. 
static energy between the particles and all inter. 
action with the solvent after the dissociation. //, is 
the only part of J which is dependent upon tem. 
perature, through e, and the study of the temperature 
variation of K, makes it possible to separate J, from 
J,, as has been shown by Gurney in several examples. 
The lack of experimental observations of Kg in differ- 
ent solvents and at different temperatures makes it 
impossible, at the present time, to decide whether 
Gurney’s rather simple formule have a_ genera! 
validity or not. In any event, one must expect to 
find a function, J, = J,(¢), which will enable one to 
calculate J, in any solvent, knowing its value in one. 
On the other hand, it can be shown that the value 
of J, may easily be derived for any solvent with the 
help of the following two formule : 


sH 


JS) = Olen — Oa +O @ 


I) - OI = ON — Ole 


where (J Ve is the intrinsic energy of proton-transfer 


of the molecule AH in the solvent sH. We sée thus 
that it may be possible not only to derive the general 
function X, but also to calculate its value for an 
acid in a given solvent, when its value in another 
solvent is known. 

The use of different solvents involves also a change 
in the expression for the acidity of a solution. In 
fact, a solvent not only influences the value of X 
for a given acid, but also for each solvent the acidity 
scale will be different. This can be seen immediately 
if one defines the acidity not by the classical pH but 
by a new function : 


— Pkg 
pA 3 


— pH (5) 


A neutral solution in any solvent corresponds to 
pA = 0, and pA > 0 defines an acid solution. In 
any event, the acidity scale will always be limited by 
the condition 
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This means that the number of protonized solvent 
molecules cannot be higher than the total number of 
solvent molecules. 
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A New Detector for Vapour-Phase 
Partition Chromatography 


PARTITION chromatography in the vapour phase has 
been developed as a valuable technique for analysis 
of mixtures of hydrocarbons or other volatile 
materials’»?. ‘Two detectors have been proposed for 
use with mixtures of chemically inactive substances, 
namely, the vapour-density bridge’ and the thermal 
conductivity cell?. The application of an infra-red 
carbon dioxide detector to this problem has also 
been demonstrated recently. The vapour-density 
bridge has excellent sensitivity, but is difficult to 
manufacture, whereas the thermal conductivity cell 
is relatively simple in construction but is somewhat 
less sensitive. A detector has now been developed 
that has a high sensitivity and is readily made in 
any workshop. It also has other advantages over 
the other types of detector in use. 

The detector is for use with hydrogen, or a gaseous 
mixture containing hydrogen, as a carrier gas. The 
method of detection is based on measurement of the 
temperature of the flame when the exit gas is burnt 
at a small jet. When an organic vapour is present 
in the gas, the flame lengthens and engulfs a thermo- 
couple placed slightly above the normal hydrogen 
flame. The output from the thermocouple is fed 
through a suitable resistance network to a galvano- 
meter or recorder. The thermocouple can be of 
iron/constantan or platinum/platinum + 14 per cent 
rhodium and is situated about 2 mm. above the jet 
and enclosed in a draught-free container. The 
detector is extremely sensitive and has a zero stability 
of 1 per cent full-scale deflexion. The sensitivity 
was determined using a mixture of 75 per cent 
hydrogen and 25 per cent nitrogen as carrier gas 
with a 4-ft. column of ‘Celite’ impregnated with 
18 per cent of paraffin. The column efficiency at 
78° C. was approximately 1,000 theoretical plates, and 
4ugm. of benzene gave 2 per cent of full-scale 
deflexion. 
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The detector is particularly applicable to the 
quantitative analysis of hydrocarbon mixtures, the 
area of any peak being directly proportional to the 
mass present, after correction for the heats of com- 
bustion of the substances. Thus the percentage by 
weight of any compound present can be found by ex- 
pressing the area of its peak, corrected for its heat 
of combustion, as a percentage of the total corrected 
area of all the peaks. The analysis of the blend is 
reached without knowledge of the mass of the original 
charge. The results obtained for two synthetic blends 
of hydrocarbons are given in Table 1. 

This method of detection has been found suitable 
for a number of volatile compounds including 
oxygen- and chlorine-compounds. Dichlorethane and 
carbon tetrachloride can be detected, but if the latter 
is present in quantities greater than 0-5 mgm. the 
flame is extinguished. This simple detector may be 
readily constructed in any laboratory from materials 
normally available. A complete vapour-phase 
chromatographic apparatus can therefore be con- 
structed in a few days and quantitative chromato- 
grams obtained with 2-mgm. samples by hand 
plotting from the readings on an ordinary spot 
galvanometer. 

Details of this detector will be published elsewhere. 
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Reduction of Riboflavin to a Stable Free 
Radical using X-Rays 


THE following reactions probably occur when 
aqueous ethanol is irradiated with X- or y-rays! : 


H,O —~~— H + OH (1) 
H + CH,CH,OH +H, +CH,CHOH (2) 
OH + CH,CH,OH - H,O + CH,CHOH (3) 


If a second solute is introduced into this system in a 
much lower concentration than the ethanol, then 
unless reactions 2 and 3 are very slow, the second 
solute will not be affected by the free radicals formed 
in the primary act, but will be exposed instead to 
the action of free hydroxyethyl radicals. Riboflavin 
has been subjected to the action of such radicals. 

Riboflavin (10-4 4) was dissolved in aqueous 
sulphuric acid (2 N) containing ethanol (5 x 10-? M). 
The absorption curve of the yellow solution is shown 
on Fig. 1 (A). On irradiation of the air-free solution 
with a dose of 16,000 r. (190 kV, X-rays) the solution 
became red and showed the absorption curve B. 
On admission of air the curve changed to C. Ina 
parallel experiment, an identical solution of ribo- 
flavin (curve A, Fig. 2) was reduced with zinc to 
give the stable semiquinone free radical? (B). On 
admission of air the solution became yellow again and — 
the absorption curve changed to C. 

It is clear from these experiments that riboflavin 
is reduced by free radicals. to give the same stable 
semiquinone free radical as is produced by ordinary 
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Fig. 1. Action of free radicals on riboflavin. A: Riboflavin con- 
trol; B: irradiated solution; C: irradiated solution after 
admission of air 


chemical reducing agents. The yield is good both 
in terms of radiation energy (@ = 6-6 molecules 
reduced/100 eV. absorbed) and of riboflavin reduced 
(95-100 per cent). The experiments may be regarded 
as a further demonstration that hydroxyalky] radicals, 


20 | 








Optical dens:ty 
= 
} 














Wave-length (my) 


Fig. 2. Reduction of riboflavin by zinc. : Riboflavin control ; 
B: the half-reduced semiquinone form of riboflavin ; C: ribo- 
flavin re-formed from the semiquinone by reaction with atmo- 


spheric oxygen 
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like many other organic free radicals, have reducj 
properties*, although it cannot be excluded in thi 
case that hydrogen atoms or the secondary electrons 
themselves may also be playing a part. 

It is believed that this is the first time a stable 
free radical has been prepared in the liquid phase by 
the action of ionizing radiations. 

I thank Prof. J. 8. Mitchell for his interest in this 
work, and Mr. A. C. Roberts for technical assistance, 


A. J. SwALtow 


Department of Radiotherapeutics, 
University of Cambridge. 
August 26. 


+ Swallow, A. J., Cont. Inter. Conf. Radlobiol. Cambridge, 1955. 

* Kuhn, R., and newer Jameete, T., Ber., a. 361 (1934). Kuhn 
R., and Strébele, P., , 70, 753 “3 

* See also Mackinnon, D. oe and my - Soc., 323 
(1953). Swallow, A. J., Biochem. J we 253 oss Verm: ail, C. 
and —s! M., J. Chim. Phys., 51, 24 ( (1954). Stein, G., and 
Swallow, A. J., Nature, 173, 937 (1954). Swallow, A. J., Biochem. 
J., 1, ior’ (1955). 


Uranium Content of Two Iron Meteorites 


AN extensive series of investigations by Dalton 
and co-workers’? using fluorimetric and radon. 
counting techniques has indicated that the uranium 
content of many iron meteorites lies in the range 
20-100 x 10-!° gm./gm. This supports an age of 
only a few hundred million years for some of these 
meteorites, and implies a distribution coefficient of 
only about one hundred for a very electropositive 
element between the silicate and metal phases of 
planets*. 

At the suggestion of Prof. H. C. Urey, it was de- 
cided to check the uranium content of some iron 
meteorites by neutron activation analysis‘ at the 
Argonne heavy-water pile (CP-5). Our results to 
date indicate a much lower uranium content in the 
two cases studied than that reported by Dalton and 
co-workers for the same meteorites. We do not 
understand the reason for the discrepancy, but feel 
sufficiently confident of our results to bring them to 
the attention of workers in the field. 

Samples of two iron meteorites (Tamarugal and 
Thunda), approximately 1 gm. in weight, were sealed 
in quartz and irradiated in the middle of the reactor 
in a flux of ~ 10'* n./sec./em.* for several days. At 
the same time, in the same position of the pile, a 
l-gm. sample of ‘mock meteorite’ (an evaporated 
solution of iron, nickel, cobalt, chromium, manganese 
and copper nitrates in the proportions found in iron 
meteorites) spiked with a known amount of uranium 
(about 3 ~gm.) was also irradiated. After the irradia- 
tion, the outside surface (about 1 per cent) of the 
meteorite was dissolved in hydrochloric acid and 
discarded. The remainder was dissolved in the pres- 
ence of about 10 mgm. of added barium carrier and 
about 100 c./min. of neptunium-237. Radiochemical 
isolation of barium and neptunium was then carried 
out using standard techniques. Most of the samples 
were dissolved in hydrochloric acid, and, after 4 
precautionary reduction with hydrazine, the neptun- 
ium was carried on lanthanum fluoride ; in two cases 
the meteorite was dissolved in nitric acid and, after 
additional oxidation with bromate, the neptunium 
was extracted into hexone as the first separation step. 
The recovery of barium was about 50 per cent as 
determined by the weight; that of neptunium 
ranged from 5 to 30 per cent as measured by the 
recovered «-activity. 
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The presence of uranium in the meteorite 
should result in the production of the 2-33-day 
neptunium-239 activity and of the fission product 
12:8-day barium-140 upon exposure to neutrons. 
By comparison with the production of these nuclides 
in the spiked ‘mock meteorite’, the uranium content 
of the meteorite can be determined. 

At least three irradiations on each meteorite were 
carried out, with the results indicated in Table 1. 
Although some 10-20 c./min. of radioactivity were 
usually found in the isolated barium, this did not 
decay with the characteristics of the 12-8-day 
barium-140 — 40-hr. lanthanum-140 chain. Thus 
from the barium analyses we can only set upper 
limits to the uranium content of the meteorites. 


No, 4486 


Table 1. ACTIVATION ANALYSIS FOR URANIUM IN IRON METEORITES 





Ir- Uranium (gm.)/meteorite (gm.) (x 10**) 
radia- 
i Thundat 
or | Barium-140| Neptunium-239 | Barium-140| Neptunium-239 


5t 








Tamarugal*® 








< 2-1§ 

I 
<45 
< 4-4 


4 < 1-05 
<20 
8 Lost 


1 




















i... 
* Dalton, Paneth, Reasbeck, a and Mayne (see ref. 2) quote : 
30-34 x 10-* gm. gm. ‘uranium/gm. in Tamaru; 

+ Dalton and co-workers (see ref. 1) quote : 55 x 10-™ gm. uranium/ 


gm. for Thunda. 

t Thelimit inirradiation I was calculated from the flux as determined 

y the production of cobalt-60 and iron-59, and checked by gold and 

bomuti monitors. No mock meteorite sample was run in this irradia- 
tion. 

§ These samples were dissolved under oxidizing ee (see text) ; 
all others were dissolved under conditions designed to keep the nep- 
tunium in a state of oxidation capable of being carried by fluoride. 


Small amounts of §-activity came through the 
neptunium chemistry also. Although it often decayed 
with approximately the correct half-life, we are not 
sure that it necessarily was neptunium-239. The 
limits for the uranium content calculated from this 
apparent neptunium-239 activity were consistent 
with those from the barium analyses. 

On the basis of these experiments we do not feel 
that we have detected any uranium in iron meteorites. 
Because of varying conditions, the limits set in the 
different experiments show some scatter ; more than 
half are lower than 5 x 10-! gm./ 

The comparison with the ‘mock meteorite’ should 
obviate most of the usual corrections in this type 
of analysis‘. In addition, consistent limits were 
calculated from the approximately known flux at the 
irradiation positions. Since the production of cobalt- 
60 and iron-59 in irradiations I, II and III agreed 
with this flux and the accepted iron and cobalt 
contents of iron meteorites, there could not have been 
any significant self-shadowing in the sample. 

We are indebted to Prof. H. C. Urey for suggesting 
the investigation, for supplying the samples of 
meteorites, and for stimulating discussions. 

GrorcE W. REED 
ANTHONY TURKEVICH 
Argonne National Laboratory, 
and 


Institute for Nuclear Studies, 
University of Chicago, 
Chicago, Illinois. 
4 Dalton, Golden, _—_. Mercer and Thomson, Geochim. et Cosmochim. 
Acta, 3, 272 (1953). 
8 Dans sy Reasbeck, Thomson and Mayne, Nature, 172, 1168 


* Urey, H. C., Nature, 175, 821 (1955). 
‘Fora description of the —— method of analysis, see, 
for example, Meinke, W. W., Science, 121, 177 (1955). 
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Magnitude and Energy of Earthquakes 


In a paper presented at a meeting of the 
Seismological Society of America on April 29, 1955 ', 
we have revised previous work? on the relation of 
earthquake magnitude M to energy £ (in ergs). 
Methods formerly used to extend the magnitude 
scale for local earthquakes to teleseisms lead to 
inconsistencies, so that in effect three different 
magnitude scales are in use: (1) Mz, the magnitude 
originally defined by Richter* for local earthquakes 
in California as recorded on standard torsion seismo- 
meters. (2) Mg, that based on calculated ground 
amplitudes for surface waves of periods of about 
20 sec. in shallow teleseisms. (3) Mz, that based on 
the amplitude /period ratio in body waves for both 
shallow and deep earthquakes. 

Using new data, the following partly empirical 
equations have been set up: 


log H = 9-4 + 2-14 My, — 0-054 Mz? 
Ms — Mg = A (Mg — B), 


where, originally’, A = 0:4, B=7; further in- 
vestigation suggests slight numerical revision. 

Data are scarcely sufficient to establish a relation 
between Mz and My. Tentative correlations are as 
follows : 


5 
5: ‘1 

Ae ‘ Tt 

18-9 22-1 25-2 

For a given observed shock Z is much lower than 
previously estimated. One main source for this 
decrease is the great difference in amplitudes recorded 
for similar earthquakes at different sites. In 1942 
accelerograph data obtained by the U.S. Coast and 
Geodetic Survey at metropolitan locations (mostly 
on sedimentary rocks or alluvium) were correlated 
directly with seismograms at stations of the Pasadena 
group (mostly on basement rock). Closer study and 
experimentation now establish a mean amplitude 
ratio of about 24:1 between the two groups of 
installations, with extreme values of about 10: 1. 

For further research on magnitude and energy we 
are now using Mg as a general standard, reducing 
Ms and My to that basis so far as practicable. 
Tentatively, 

log H = 5-8 + 2-4 Mg. 

We recommend that, in publication, any systematic 
change in numerical magnitudes, or in routine 
methods for determining them, be deferred pending 
further study of the relation of My to the other 
quantities. 

We are indebted to Dr. Markus Bath, of Upsala, 
for communication in advance of publication of data 
and independent results closely parallel to some of 
those here reported. 

B. GUTENBERG 
C. F. RicHTER 


Seismological Laboratory, 
California Institute of Technology, 
Pasadena. 

May 31. 


a — B., and Richter, C. F., submitted to Bull. Seismol. Soc. 
8 cutenbere, B., and Richter, C. F., Bull. Seismol. Soc. Amer., 32, 163 
* Richter, C. F., Bull. Seismol. Soc. Amer., 25, 1 (1935). 
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Effects of Carbon Tetrachloride on 
Mitosis 

We have observed that carbon tetrachloride 
produces striking effects on Allium cepa, Allium 
sativum and Zaphranthus sp. root tips. Root tips 
were treated for five minutes to a half-hour in carbon 
tetrachloride and later transferred to normal nutrient 
medium and fixed at various intervals from half an 
hour to six hours. Among the prominent changes 
taking place in the resting nucleus is a dissolution of 
the nuclear membrane and an outflow of its contents. 
Similar observations have been made in root tips of 
Allium cepa treated with chloroform! and potassium 
cyanide*. It would appear that the lipoid layer of 
the nuclear membrane is either dissolved or rendered 
weak by the chemicals, in consequence of which the 
nuclear contents flow out. After treatment for 15 min. 
with carbon tetrachloride, resting and premitotic 
nuclei break up. A number of chemicals are known 
to produce this effect, for example, urethane® and 
nitrogen mustard‘. Perhaps the most characteristic 
changes brought about by carbon tetrachloride are 
dissolution of chromatin in the resting nucleus and 
disorganization of the chromosome arms in the pre- 
mitotic stages, resulting in their progressively negative 
reaction to the Feulgen reagent. 

Mitotic stages show even more striking effects. One 
of the commonest is the occurrence of sticky bridges 
in anaphase where, due to decrease in viscosity of the 
matrix, the distal ends of chromosomes fail to 
separate’. Bridge formation has been reported as a 
result of the action of chloroform!, ethylene glycol* 
and nitrogen mustard’, among others. Metaphase 
chromosomes tend to become more or less despiral- 
ized, acquire side loops and resemble the ‘lamp- 
brush’ chromosomes. Levan and Wangenheim?* have 
observed a similar phenomenon in onion root tips 
treated with potassium cyanide. © Evidently the 
chemical affects spiralization and induces the material 
of the chromosome to flow out and form loops. 
Delayed separation of chromatids as well as chromo- 
some fragmentation are also common in material 
treated with carbon tetrachloride. The spindle, too, is 
affected, and results in irregular and unequal segrega- 
tion of chromosomes and in polyploid nuclei. 

B. R. SESHACHAR 
ParvaTHt K. NaMBIAR 
Department of Zoology, 
University of Mysore, 
Central College, 


1 Steinigger, E., and Levan, A., Hereditas, 33, 552 (1947). 

* Levan, A., and Wangenheim, K. H., Hereditas, 38, 297 (1952). 
*Cornman, I., Inter. Rev. Cytol., 3, 113 (1954). 

* Freidenwald, J. S., Ann. N.Y. Acad. Sci., 61, 1432 (1951). 

* Varaama, A., Hereditas, 33, 191 (1947). 

* Ostergren, G., Hereditas, 30, 213 (1944). 

* Darlington, C. D., and Koller, P. C., Heredity, 1, 187 (1947). 


Urinary Cstrogens in the Buffalo as 
measured Chemically 


A KNOWLEDGE of the level and the rate at which 
hormones are excreted is of considerable academic 
value for diagnostic and therapeutic purposes. The 
determination of cestrogen activity in the excreta is 
limited by the fact that these hormones are eliminated 
from the body in biologically active and inactive 
forms, thus necessitating chemical methods of 
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measurement. The present work, consisting of two 
experiments, was carried out to ascertain the level 
and the rate at which urinary cestrogens are excreted 
in the buffalo and their chemical form. 

Clean twenty-four hour specimens of urine were 
collected from four buffaloes during the fourth month 
of pregnancy, acidified with concentrated hydro. 
chloric acid and boiled under reflux for 15 min., 
then extracted four times with one-fourth volume 
peroxide-free ethyl ether. The extract was evaporated 
and the residue taken up in a minimal amount 
of ethanol. Each alcoholic extract was added to 
300 ml. of toluene and then fractionated into neutral 
and phenolic fractions. The phenolic fraction was 
chromatographed and further fractionated by the 
use of Girard’s reagent 7' and phthalic anhydride!:, 

To determine the rate at which administered 
cestrogens are excreted in the urine, an ovari. 
ectomized buffalo was injected intramuscularly with 
10 mgm. of cestradiol monobenzoate in microcrystal- 
line suspension, and 10 mgm. and 60 mgm. of 
cestradiol dipropionate dissolved in oil. Periods of 
seven days elapsed between the three different treat- 
ments, and urine samples were collected every six 
hours during the following 24 hr. Estimations of 
cestrogen were based on a physiochemical colori- 
metry?. 

When the urinary were fractionated, 
estradiol and cestrone were found whereas cestriol 
was absent. The titres found for urinary cestrogens 
(Table 1) were too low to have any quantitative 
significance. The pregnanediol titres, although incom. 
plete, were of a very low order. 


GESTROGEN AND PREGNANEDIOL TITRES EXCRETED PER 
LiTRE OF URINE BY PREGNANT BUFFALOES 


Table 1. 





Animal Days 
No. pregnant 


(ugm.) (ugm.) (ugm. ) 


12 226 


(ugm.) 
95 6 
96 | 4 

105 2 

102 | 2 








Pre 
(strone Estradiol} (Cstric] in| 
| 


324 





In the second experiment, only 0-5 per cent of the 
cestrogen injected in the third treatment was re- 
covered in the urine specimen collected during the 
first six hours; while the first and second injections 
were not followed by any excretion of urinary cestro- 
gens. (Estrous manifestations appeared after the 
dipropionate injections only. 

Technical assistance given by Dr. Benjamin F. 
Stimmel, Rees-Staly Clinic Research Foundation, 
San Diego, California, is acknowledged. Thanks are 
due to the Ciba Foundation for providing hormone 
preparations. This work was carried out at the 
Agricultural Chemical Section, Giza, Egypt. 


E. 8S. E. Harez* 
Faculty of Agriculture, 
University of Cairo. 


T. AtTaR 
Agricultural Chemical Section, 
, Giza. 


* Present address : Worcester Foundation for Experimental Biology, 
Shrewsbury, Mass., U.S.A. 


1 Stimmel, B. F., Randolf, M. A., John, D., and Conn, W. M., J. Clin. 

tie ie it 72, ee (1952). Stimmel, B. F., and May, J. A., ibid., 

* Cohen, H R. W., J. Clin. Endocrin., 7, 701 (1947); 
Endocrin., we maT i tigioy 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, October 24 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 
1 Kensington Gore, London, 8.W.7), at 2.15 p.m.—‘“From Instinct 
through Art to Science”. (1) Mr. G. V. T. Matthews: “‘Animal and 
Bird Rerigeen 2 Mr. Alan Villiers: ‘“‘The Golden Age of Naviga- 
tion” ; (3) W./Cmdr. w. ame ow “Guided Missile fevigelien”. 
(A lecture to cadets from nautical schools.) 

UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 5 p.m.—Prof. F. B. Straub (Budapest) : 
“Synthesis of Amylase in Cell-Free Systems’’.* 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture 
Theatre of the Science Museum, South Kensington, London, 8.W.7), 
at 5.30 p.m.—Mr. E. Wilfred Taylor, F.R.S.: ‘The Evolution of 


the Divided Circle and the Dividing Epcine”’. 


Tuesday, October 25 


LONDON (in the Anatomy Theatre, Gower 


UNIVERSITY COLLEGE, 
“Virgin 


Street, London, W.C.1), at 1.15 p.m.—Dr. Helen Spurway : 
Births’’.* 

UN Maer g or LONDON os popes Caaews, Bowe Ropat’s Park, London, 
N.W.1), at 5.15 p.m.—Pro’ E. Evai d: “The Posit tion 
of Women in Primitive Sooletieg and in Our ower (Fawcett Lecture).* 


INSTITUTION OF ELECTRICAL ENGINEERS, Pyare oe AND 
CONTROL SECTION (at Savoy Place, London, W.C.2), a 5.30 p.m.— 
Mr. D. R. Chick and Mr. D. P. R. Petrie: “An Tiotrostatie Particle 
Accelerator”; Dr. 8. E. Hunt, Mr. D. P. R. Petrie, Mr. K. Firth 
and Mr. A. Trott: “An Electrostatic Analyser for the Absolute 
Measurement of Proton ee. — the Establishment of Fixed 
Points on the High-Voltage Scal 


UNIVERSITY OF LONDON (in ath Chemistry Theatre, University 
College, Gower et London, W.C.1), at 5.30 _P-™.—Prof. James 
Sutherland: The W. P. Ker Centenary Lecture.* 


UNIVERSITY cleed Lonpon (in the Electrical Engineering 
Theatre, Gower Street, London, W.C.1), at 5.30 p.m.—Mr. H. 
Cooke-Yarborough: First of four lectures on “Transistor Applica- 
tions”. (Further Lectures on November 1, 8 and 15.)* 


ILLUMINATING ENGINEERING oan = the Lighting Service 
Bureau, 2 Savoy Hill, London, W.C.2 p.m.—Report and dis- 
cussion on the 1955 ‘meeting ‘of the b Sendianel Commission on 
Illumination. 


ROYAL AERONAUTICAL — (at 4 Hamilton Place, London, 
W.1), at 7 p.m.—Mr. R. J. Monaghan: ‘Boundary Layer Effects 
in Supersonic Flow”. 


Tuesday, October 25—Thursday, October 27 


“INSTITUTION OF MECHANICAL ENGINEERS (joint — with the 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS, in the Great Hall 
of the Institution of Civil Engineers, Great George Street, London, 
8.W.1)—Conference on “‘Combustion”’, 


Wednesday, October 26 


UNIVERSITY OF jane (at the Postgraduate School of Medicine, 
Ducane Road, London, W.12), at 2 p.m.—Prof. N. H. Martin: “Recent 
Advances in the Study of the Plasma Proteins’’. 


Soctety OF CHEMICAL INDUSTRY, Foop GrouPp—NUTRITION PANEL 
(in the Rooms of the Chemical Society, Burlington House, Piccadilly, 
London, W.1), at 6.30 p.m.—First meeting in the new series “Nutri- 
tional Requirements and Food Fortification”. 


BRITISH ASSOCIATION OF CHEMISTS, LONDON —aeteer| ~~ the 
Wellcome Institute, 183 Euston Road, London, N.W.1 1), at 7 p.m.— 
Mr. E. H. Vick: ‘‘Sewerage and Sewage Purification”. 


Soctety FOR VISITING SCIENTISTS (at 5 Old Burlington Street, 
London, W.1), at 7.30 p.m.—Discussion meeting on “‘Road Traffic— 
Flow and Control”. Chairman: Dr. W. H. Glanville. Speakers: Sir 
Charles Goodeve, F.R.S.; Dr. R. J. Smeed and Colonel A. E. Young. 


Thursday, October 27 


UNIVERSITY COLLEGE, — (in bd Aa y Theatre, Gower 
Street, London, W.C,1), at 5 p.m.—Pro traub (Budapest) : 
“Mechanism of Active Transport of ttt. in the Human 
Erythrocyte”’.* 

UNIVERSITY OF LONDON, BRITISH POSTGRADUATE MEDICAL FEDERA- 
TION (in the Beveridge Hall, Senate House, University of London, 
4 London, W.C.1), at 5.30 p.m. —-Prof. Sir Wilfrid le Gros Clark, F.R.S. : 
“Hypothesis and Speculation in Scientific Research”. (First of fifteen 
Lectures on “The Scientific Basis of Medicine”. Further Lectures on 
November 1, 3, 8, 10, 15, 17, 22, 24,29; December 1, 6, 8, 18 and 15.)* 


UNIVERSITY OF LONDON Ay Spe gy of Science and Tech- 
nology, London, 8.W.7) 5.30 p.m.— A. Rényi Meress oral 
“On a New Axiomatic iroundation: of ae Theory of Probab re 
(Further Lectures on November 1 and 3.)* 


UNIVERSITY OF LONDON f. ~ Wye College, Wye, Ashford, Kent), 
at 8.15 p.m.—Mrs. Mary Adams: ‘‘Developments in Television”.* 
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Friday, October 28 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, 
ven London 8.W.1), at 5.30 p.m —Prof. J. F. Baker and 
Dr. C. F. Tipper : “Notch Tensile Test”. 


Noars East COAST INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
(in the Lecture Theatre, Literary and Philosophical Society, Newcastle- 
upon-Tyne), at 6.15 p.m.—Dr. 8. F. Dorey, F.R.S. : ‘Ferrous Materials 
in Marine ingineering”’ (Andrew Laing Lecture). 


Royal INSTITUTION (at 21 Albemarle Street, London, W.1), a 
9 p.m.—Sir Edward Salisbury, F.R.S.: ‘Fruit and Seed Production” 


Saturday, October 29 


Lonpon County Counc (at the Horniman Museum, London 
Road, Forest Hill, London, 8.E.23), at 3.80 p.m.—Dr. W. E. Swinton: 
“The Story of Animal Flight’’.* 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

LECTURER IN VETERINARY MEDICINE for duty at Camden Town— 
The Secretary, Royal Veterinary College and Hospital (University 
of London), Royal College Street, London, N.W.1 (October 31). 

LECTURER (with a good honours ase) IN MECHANICAL ENGINEER- 
7 Registrar, King’s College, Strand, London, W.C.2 (October 
3 


INSTRUMENT ENGINEER (corporate member of a senior Engineering 
Institution and with experience in the management of many types 
of instrument services to Bay 9 and research groups) with the 
United Kingdom Atomic Energy Authority, Industrial Group, Doun 
reay Works, Caithness, to be responsible to the Instrument Manager 
for the maintenance on site and in a repair workshop of many types 
of physical and electronic instruments and to provide instrument 
services to production and research groups—Recruitment Officer, 
U.K. Atomic Energy Authority, Industrial Group Headquarters, 
Risley, near Warrington, quoting 1150 (November 4). 

LECTURER or ASSISTANT LECTURER IN ANATOMY—The Registrar, 
The University, Manchester 13 (November 7). 

SENIOR LECTURER and a LECTURER (with a good honours degree 
and preferably with teaching experience) IN PHysIcs, at the Nigerian 
College of Arts, Science and Technology—The Secretary, Advisory 
Committee on Colonial Colleges, 1 Gordon Square, London, W.C.1 
(November 7). 

JUNIOR LECTURER IN ENTOMOLOGY—The Dean, London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
London, W.C.1 (November 10). 

SUPERVISING GEOLOGISTS (3) (with a university degree, preferably 
with honours, or equivalent, with all geology subjects at third year 
standard; or equivalent qualifications) IN THE DEPARTMENT OF 
NATIONAL DEVELOPMENT, Bureau of Mineral Reso logy 
and Geophysics, Commonwealth of Australia, to plan and supervise 
investigations concerning (a) Metalliferous mineral J eposite : (b) radio- 
active mineral deposits; and (c) sedimentary basins—The Senior 
Representative, Department of National Development, Australia 
House, Strand, London, W.C.2 (November 11). 

LECTURER and an ASSISTANT LECTURER IN THE DEPARTMENT OF 
PuyYsioLoGy, University of Otago, Dunedin, New Zealand—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (New Zealand, November 15). 

SENIOR LECTURER IN Puysics at Victoria University College, 
Wellington, New Zealand—The Secretary, Association of Universities 
of the British Commonwealth, 36 Gordon Square, London, W.C.1 
(New Zealand, November 21). 

ASSISTANT EXPERIMENTAL OFFICERS (with two G.C.E. passes at 
advanced level in mathematics and science, if over 22 a degree, 
H.N.C. or equivalent in engineering or physics, and preferably with 
a general knowledge or practical experience of ye came in the 
Department of Scientific and Industrial ch, cal Engin- 
eering Research Laboratory, East Kilbride, near Ginigow to assist 
in developing electronic devices including pick-ups, am lifiers and 
associated equipment for oy measuring apparatus—The Ministry 
of Labour and National Service, Technical pe y — Register (K), 
26 King Street, London, 8.W.1, quoting A.133/5A 

Master to teach Physics and Mathematics to “A” level—The Head- 
master, Highgate School, London, N.6 

PRINCIPAL SCIENTIFIC OFFICER (Fuel Technology and Chemical 
Engineering) (with at least a second-class honours university ee 
or equivalent professional qualifications, and with Ti in 
chemical engineering and fuel technology) in the East African In- 
dustrial Research Organization, Nairobi, to conduct investigations 
into the ing of coffee and ot ther crops; to study fuel economy in 
various industries and generally to provide techni assis 
The Director of Recruitment (Oversea Service Division), Colonial 
Office, Sanctuary Buildings, Great Smith Street, London, 8.W.1, 
quoting BCD.195/463/02. 

RESEARCH ASSISTANT (honours graduate) IN CHEMISTRY—The 
Secretary, Bedford College (University of London), Regent’s Park, 
London, N.W.1 

SUPERVISORS “(with an honours degree in either engineering or 
physics or equivalent qualifications and with several years industrial 
experience) at Dounreay Works, Caithness, a the continuous opera- 
tion and control of the nuclear reactors and ancillary plant—The 
Recruitment Officer, United Kingdom Atomic Energy Authority, 
Industrial Group Headquarters, Risley, near Warrington, quoting 
reference 1,128. 

UNIVERSITY DEMONSTRATOR IN THE DEPARTMENT OF VETERINARY 
CLINICAL Stupres—The Secretary of the Appointments Committee 
of the Faculty of Medicine, Department of rimental Medicine, 
University of Cambridge, Tennis Court Road, Cambridge. 
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—~ hical Rrenmaatienss - the Royal Society of London. Series A : 
aie ical and Physical Sciences. No. 942, Vol. 248 (14 July 1955) : 
The Force Field, Vibration Frequencies, Noi rmal Co-ordinates, Infra-red 
and Raman Intensities for Benzine. By D. H. Whiff 
7s. 64. No. 943, Vol. 248 (14 July 1955): 
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